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REAL-GAS EFFECTS A S S O C I A T E D  W I T H  O N E - D I M E N S I O N A L  
I T R A N S O N I C  FLOW OF C R Y O G E N I C  N I T R O G E N  

J e r r y  B.  Adcock 
L a n g l e y  Research C e n t e r  

S U M M A R Y  

The c r y o g e n i c  w i n d - t u n n e l  c o n c e p t  t h a t  has  b e e n  d e v e l o p e d  a t  
t h e  L a n g l e y  R e s e a r c h  C e n t e r  u s e s  n i t r o g e n  a s  t h e  t e s t  g a s .  F o r  
t h e  r a n g e  o f  t e m p e r a t u r e s  a n d  p r e s s u r e s  a n t i c i p a t e d  f o r  t u n n e l s  of 
t h i s  t y p e ,  a s t u d y  h a s  b e e n  made t o  d e t e r m i n e  t h e  r e a l - g a s  e f f e c t s  
on  o n e - d i m e n s i o n a l  i s e n t r o p i c  a n d  n o r m a l - s h o c k  f l o w s .  Real-gas 
c a l c u l a t i o n s  of  t h e s e  f l o w s  h a v e  b e e n  made, a n d  t h e  s o l u t i o n s  were 
compared  w i t h  t h e  i d e a l  d i a t o m i c  gas s o l u t i o n s .  T h i s  r e p o r t  p r e -  
s e n t s  t h e  d e t a i l s  of  t h e  c a l c u l a t i o n s  a n d  t h e  t a b u l a t e d  r e s u l t s  
f o r  s t a g n a t i o n  t e m p e r a t u r e s  of 300 K a n d  be low w i t h  s t a g n a t i o n  
p r e s s u r e s  from 1 t o  30 a t m o s p h e r e s .  A d e t a i l e d  a n a l y s i s  i s  p r e -  
s e n t e d  f o r  a r a n g e  o f  c o n d i t i o n s  e n c o m p a s s i n g  t h o s e  u n d e r  c o n -  
s i d e r a t i o n  i n  t r a n s o n i c  c r y o g e n i c  w i n d - t u n n e l  d e s i g n s .  T h i s  a n a l -  
y s i s ,  w h i c h  i s  f o r  s t a g n a t i o n  p r e s s u r e s  u p  t o  10 atm, s h o w s  t h a t  
t h e  real-gas  i m p e r f e c t i o n s  o f  n i t r o g e n  c a u s e  d e v i a t i o n s  of 1 p e r -  
c e n t  o r  l e s s  i n  t h e  v a r i o u s  i s e n t r o p i c  a n d  n o r m a l - s h o c k  param-  
e te rs .  I f  t h e  maximum d e v i a t i o n s  i n  t h e  i s e n t r o p i c  a n d  n o r m a l -  
s h o c k  p a r a m e t e r s  a r e  i n d i c a t i v e  o f  t h e  e r rors  i n  s i m u l a t i o n  of  
two- a n d  t h r e e - d i m e n s i o n a l  i n v i s c i d  f l o w s  i n  a c r y o g e n i c  t u n n e l ,  
t h e n  t h e  e r r o r s  wou ld  b e  i n s i g n i f i c a n t  f o r  most w i n d - t u n n e l  
i n v e s t i g a t i o n s .  



I N T R O D U C T I O N  

I n  r e s p o n s e  t o  t h e  n e e d  f o r  new t r a n s o n i c  w i n d  t u n n e l s  which  

are c a p a b l e  of more n e a r l y  m a t c h i n g  t h e  f l i g h t  R e y n o l d s  n u m b e r s  o f  
c u r r e n t  a n d  f u t u r e  a i r  v e h i c l e s ,  t h e  L a n g l e y  Research C e n t e r  h a s  
been  s t u d y i n g  a n d  d e v e l o p i n g  t h e  c r y o g e n i c  w i n d - t u n n e l  c o n c e p t .  
R e f e r e n c e s  1 t o  4 d e s c r i b e  t h e  c r y o g e n i c  t u n n e l  c o n c e p t  a n d  t h e  

a d v a n t a g e s  of  s u c h  a t u n n e l .  As e x p l a i n e d  i n  r e f e r e n c e  2 ,  t h e  

method of c o o l i n g  d e v e l o p e d  a t  t h e  L a n g l e y  Research C e n t e r  c o n -  
sists of s p r a y i n g  l i q u i d  n i t r o g e n  d i r e c t l y  i n t o  t h e  t u n n e l  c i r -  
c u i t .  Wi th  t h i s  p r o c e d u r e ,  t h e  t e s t  g a s  i s  d r y  n i t r o g e n ,  a n d  
t h e  t u n n e l  c a n  b e  o p e r a t e d  a t  c o n s t a n t  t e m p e r a t u r e s  w i t h i n  t h e  
r a n g e  from n e a r  300 K down t o  s a t u r a t i o n  ( a p p r o x i m a t e l y  80 K ) .  
B e c a u s e  of v a r i o u s  p r a c t i c a l  c o n s i d e r a t i o n s  s u c h  as t u n n e l  d r i v e  
power  a n d  model s t r e n g t h  l i m i t a t i o n s ,  a maximum t u n n e l  o p e r a t i n g  
p r e s s u r e  o f  l e s s  t h a n  10 atm ( 1  atm = 101.32  k P a )  i s  a n t i c i p a t e d .  
Even f o r  t h i s  l i m i t e d  p r e s s u r e  r a n g e ,  c r y o g e n i c  n i t r o g e n  d o e s  n o t  
h a v e  t h e  c h a r a c t e r i s t i c s  o f  a n  i d e a l  d i a t o m i c  g a s ;  c r y o g e n i c  
n i t r o g e n  has b o t h  thermal i m p e r f e c t i o n s  ( c o m p r e s s i b i l i t y  f a c t o r  
n o t  e q u a l  t o  1 ,  f i g .  l ( a ) )  a n d  c a l o r i c  i m p e r f e c t i o n s  ( s p e c i f i c  
heats  n o t  c o n s t a n t ,  f i g .  l ( b ) ) .  

d i m e n s i o n a l  f l o w s  a re  a f f e c t e d  by t h e s e  real-gas  i m p e r f e c t i o n s .  
Selected r e s u l t s  c o v e r i n g  t h e  o p e r a t i n g  r a n g e  of  t h e  L a n g l e y  
1 / 3 - m e t e r  t r a n s o n i c  c r y o g e n i c  t u n n e l ,  p u b l i s h e d  i n  r e f e r e n c e s  1 
t o  3, i n d i c a t e  t h a t  c r y o g e n i c  n i t r o g e n  i s  a v a l i d  t e s t  g a s  f o r  
these c o n d i t i o n s .  T h i s  p a p e r  p r e s e n t s  t h e  p r o c e d u r e s  u s e d  a n d  
e x t e n d s  t h e  r e s u l t s  t o  c o v e r  a w i d e r  r a n g e  of  c o n d i t i o n s .  

A s t u d y  was the re fo re  made t o  d e t e r m i n e  t o  what  e x t e n t  o n e -  

S i n c e  a i r  a t  t h e  t e m p e r a t u r e s  a n d  p r e s s u r e s  o f  t r a n s o n i c  
f l i g h t  h a s  e s s e n t i a l l y  t h e  c h a r a c t e r i s t i c s  of  a n  i d e a l  d i a t o m i c  
gas ,  t h e  a p p r o a c h  u s e d  here  compares t h e  real-gas i s e n t r o p i c  a n d  
n o r m a l - s h o c k  f l o w  s o l u t i o n s  f o r  n i t r o g e n  w i t h  t h e  i d e a l  . d i a t o m i c  
gas s o l u t i o n s .  The real-gas s o l u t i o n s  a r e  o b t a i n e d  by  u s i n g  t h e  
t h e r m o d y n a m i c  p r o p e r t i e s  f o r  n i t r o g e n  as  g i v e n  by J a c o b s e n  
( r e f .  5). 
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S o l u t i o n s  c o v e r i n g  t r a n s o n i c  Mach numbers  a n d  a r a n g e  of  
s t a g n a t i o n  t e m p e r a t u r e s  from 300 K t o  s a t u r a t i o n  a n d  s t a g n a t i o n  
p r e s s u r e s  from 1 t o  30 atm a re  p r e s e n t e d  i n  t a b u l a r  form. The 
p r e s s u r e  r a n g e  i s  e x t e n d e d  beyond t h a t  which is  s e t  by modal a n d  
model s u p p o r t  s t r e n g t h  c o n s i d e r a t i o n s .  F i g u r e s  a re  p r e s e n t e d  f o r  
a p r e s s u r e  r a n g e  from 1 t o  10 atm t o  i l l u s t r a t e  t h e  d e v i a t i o n s  
from t h e  i d e a l - g a s  s o l u t i o n s  as  a f u n c t i o n  of  t h e  v a r i o u s  t u n n e l  
o p e r a t i n g  p a r a m e t e r s .  

SYMBOLS 

A 

a 

CP 

C 

P C 

c V  

H 

M 

P 

4 

R 

area 

s p e e d  o f  s o u n d  ( e q u a l  t o  W i n  t a b l e  1) 

P - Pa3 
9, 

p r e s s u r e  c o e f f i c i e n t ,  

l e n g t h  of a i r f o i l  o r  stream t u b e  

s p e c i f i c  h e a t  a t  c o n s t a n t  p r e s s u r e  

s p e c i f i c  h e a t  a t  c o n s t a n t  volume 

e n t h a l p y  

Mach number 

p r e s s u r e  

dynamic  p r e s s u r e  

R e y n o l d s  number p e r  u n i t  l e n g t h  
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gas c o n s t a n t  f o r  n i t r o g e n ,  296 .791  m2/sec2-K o r  
2 .92909 x -10-3 atm-m3/kg-K 

e n t r o p y  

t e m p e r a t u r e  

i n t e r n a l  e n e r g y  

f l o w  v e l o c i t y  

s p e c i f i c  v o l u m e ,  1 / P 

l i n e a r  d i m e n s i o n  a l o n g  a i r f o i l  c h o r d  o r  a l o n g  stream- 
t u b e  a x i s  o f  symmetry  

2 c o m p r e s s i b i l i t y  f a c t o r ,  pv/RT 

a i s e n t r o p i c  e x p a n s i o n  c o e f f i c i e n t ,  p = P a ( C o n s t a n t )  

P d e n s i t y  (equal  t o  D i n  t a b l e s  I a n d  11) 

S u b s c r i p t s  : 

based  on c o n d i t i o n s  a t  M = 1 .0  

a ,  b s i g n i f i e s  i t e r a t i v e  v a l u e s  

L l o c a l  Mach n u m b e r  

N n i t r o g e n  

4 



f ree  stream 

s t a g n a t i o n  c o n d i t i o n s  

c o n d i t i o n s  u p s t r e a m  of  s h o c k  

c o n d i t i o n s  d o w n s t r e a m  o f  shock 

I S E N T R O P I C  FLOW 

E x a c t  real-gas s o l u t i o n s  c a n  be o b t a i n e d  f o r  o n e - d i m e n s i o n a l  
i s e n t r o p i c  f l o w  because o f  t h e  r e l a t i v e  s i m p l i c i t y  o f  t h i s  flow. 
The more complicated two- and t h r e e - d i m e n s i o n a l  flows t h a t  o c c u r  
i n  w i n d - t u n n e l  tests p o s e  a h i g h e r  o r d e r  o f  d i f f i c u l t y  f o r  e x a c t  
real-gas ana lyses .  C o m p a r i s o n s  o f  t h e  real-gas s o l u t i o n s  f o r  o n e -  
d i m e n s i o n a l  i s e n t r o p i c  f l o w s  f o r  n i t r o g e n  w i t h  t h o s e  s o l u t i o n s  f o r  
t h e  i d e a l  d i a t o m i c  gas  c a n  g i v e  a n  i n d i c a t i o n  of t h e  o r d e r  of mag- 
n i t u d e  o f  t h e  real-gas e f f e c t s  f o r  t h e  more complicated flows. 
The a p p l i c a b l e  e n e r g y  e q u a t i o n  f o r  i s e n t r o p i c  f low i s  

H + $ : H t  2 

Ideal-Gas S o l u t i o n s  

An i dea l  gas ,  as d e f i n e d  he re ,  i s  o n e  t h a t  i s  b o t h  t h e r m a l l y  
and  c a l o r i c a l l y  pe r f ec t .  I d e a l  gases h a v e  c e r t a i n  charac te r i s t ics  
t h a t  make p o s s i b l e  t h e  t r a n s f o r m a t i o n  o f  e q u a t i o n  ( 1 )  i n t o  more 
u s a b l e  e q u a t i o n s  which  e x p r e s s  p ,  T ,  a n d  i n  terms of t h e i r  ' 
c o r r e s p o n d i n g  s t a g n a t i o n  v a l u e ,  Mach number ,  a n d  s p e c i f i c  heat  
r a t i o .  These c h a r a c t e r i s t i c s ,  which  c a n  be f o u n d  i n  most g a s  
d y n a m i c s  t e x t b o o k s  ( s e e ,  f o r  e x a m p l e ,  r e f .  6 ) ,  a re  s t a t ed  b r i e f l y  
as fo l lows:  

5 



For  t h e r m a l l y  pe r f ec t  gases, 
( 1 )  t h e  t h e r m a l  e q u a t i o n  of  s t a t e  i s  pv  = 9 T ;  
( 2 )  t h e  c a l o r i c  e q u a t i o n  of s t a t e  i s  U = U ( T )  r a ther  t h a n  

( 3 )  t h e  s p e c i f i c  heats  a re  a f u n c t i o n  o f  t e m p e r a t u r e  o n l y  
U = U ( p , T )  o r  H = H(T) rather t h a n  H = H ( p , T ) ;  

(cp = dH and cv = 8)  a n d  are  re la ted  by t h e  e q u a t i o n  

c - cv 4. P 
F o r  c a l o r i c a l l y  pe r f ec t  gases,  t h e  s p e c i f i c  h e a t s  c a n d  

P 
cv are  i n d e p e n d e n t  o f  b o t h  t e m p e r a t u r e  a n d  p r e s s u r e  a n d ,  there-  
f o r e ,  a re  c o n s t a n t .  F o r  a gas t o  be  c a l o r i c a l l y  p e r f e c t ,  i t  
must a l s o  be t h e r m a l l y  pe r f ec t .  

m e n t a l  e q u a t i o n s  f o r  i s e n t r o p i c  f l o w  of a n  i d e a l  gas a re  
As a r e s u l t  of these ideal-gas  c h a r a c t e r i s t i c s ,  t h e  f u n d a -  

E = '  [l + 0.5(Y - 1 ) M 2 ] - l  
Tt 

- 
= [1 + 0 . 5 ( ~  - l ) M z ] y - l  

P t  

= + 0 . 5 ( ~  - 1 )M2] 
P t  

( 3 )  

( 4 )  

6 



The i s e n t r o p i c  f l o w  p a r a m e t e r s  ( e q s .  ( 2 )  t o  ( 5 ) )  f o r  i d e a l  
gases a re  a f u n c t i o n  of Mach number a n d  s p e c i f i c  hea t  r a t i o  y 

o n l y .  The v a l u e  of d e p e n d s  on  t h e  number of  d e g r e e s  of f ree-  
dom assoc ia ted  w i t h  t h e  m o l e c u l e .  As m e n t i o n e d  e a r l i e r ,  a i r  a t  
t he  p r e s s u r e s  a n d  t e m p e r a t u r e s  o f  a t m o s p h e r i c  f l i g h t  h a s  t h e  char- 
a c t e r i s t i c s  of a n  i d e a l  d i a t o m i c  gas f o r  w h i c h  t h e  v a l u e  of y i s  
1 .4 .  Therefore ,  s o l u t i o n s  t o  e q u a t i o n s  ( 2 )  t o  ( 5 )  f o r  a y of  
1 .4  are compared  w i t h  t h e  r e a l - g a s  s o l u t i o n s  f o r  c r y o g e n i c  
n i t r o g e n .  

Real-Gas S o l u t i o n s  

R e a l - g a s  s o l u t i o n s  t o  t h e  e n e r g y  e q u a t i o n  c a n n o t  b e  e x p r e s s e d  
i n  s u c h  s i m p l i f i e d  f o r m s  b e c a u s e  t h e  thermal  e q u a t i o n  of S t a t e  
p = P ( ~ , T >  t y p i c a l l y  h a s  many terms on  t h e  r i g h t - h a n d  s i d e  of  t h e  
e q u a t i o n  i n  o r d e r  t o  d e s c r i b e  a d e q u a t e l y  t h e  v a r i a t i o n  o f  p r e s s u r e  
w i t h  d e n s i t y  a n d  t e m p e r a t u r e  o v e r  a w i d e  r a n g e  o f  t h e s e  v a r i a b l e s .  
B e c a u s e  of t h i s  c o m p l i c a t i o n ,  t h e  t h e r m o d y n a m i c  p r o p e r t i e s  s u c h  as  
i n t e r n a l  e n e r g y ,  e n t h a l p y ,  e n t r o p y ,  a n d  t h e  s p e c i f i c  h e a t s  a r e  
a l s o  compl ica ted  f u n c t i o n s  o f  d e n s i t y  a n d  t e m p e r a t u r e .  T h e r e f o r e ,  
s o l u t i o n s  t o  t h e  a d i a b a t i c  e n e r g y  e q u a t i o n  a r e  made by u s i n g  a 
h i g h - s p e e d  d i g i t a l  c o m p u t e r  a n d  i t e r a t i v e  t e c h n i q u e s .  

n i t r o g e n  ( r e f .  5 )  i s  u s e d .  T h i s  e q u a t i o n  was d e v e l o p e d  w i t h  a 
s i m u l t a n e o u s  f i t t i n g  p r o c e d u r e  where  p - p - T d a t a ,  s p e c i f i c  hea t  
data c v ,  and  t h e  c r i t e r i a  f o r  p h a s e  e q u i l i b r i u m  b e t w e e n  s a t u r a t e d  
l i q u i d  a n d  s a tu ra t ed  v a p o r  p o i n t s  were u s e d .  The s p e c i f i c  heat 
data were u s e d  p r i m a r i l y  t o  g i v e  a n  e q u a t i o n  o f  s t a t e  which 
e x h i b i t e d  t h e  p r o p e r  b e h a v i o r  o f  t h e  f i rs t  a n d  s e c o n d  d e r i v a t i v e s  
so  t h a t  t h e  c a l c u l a t e d  p r o p e r t i e s  u s i n g  t hese  d e r i v a t i v e s  would  b e  
a c c u r a t e .  The d e n s i t y  p r e d i c t i o n  a c c u r a c y  of  t h i s  e q u a t i o n  o f  
s t a t e  i s  est imated t o  be  w i t h i n  0 . 2  p e r c e n t  f o r  t h e  t e m p e r a t u r e  
and  p r e s s u r e  r a n g e s  c o v e r e d  i n  t h i s  r e p o r t .  R e f e r e n c e  5 a l s o  
i n c l u d e s  e q u a t i o n s  f o r  t h e  c a l c u l a t i o n  o f  a l l  t h e  t h e r m o d y n a m i c  
p r o p e r t i e s  of n i t r o g e n  a l o n g  w i t h  d e t a i l s  ( r e f .  5 ,  a p p e n d i x  D >  of  

F o r  t h e  p r e s e n t  a n a l y s i s ,  J a c o b s e n ' s  e q u a t i o n  o f  s t a t e  f o r  
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t h e  f u n c t i o n s  f o r  e v a l u a t i n g  t h e  i n t e g r a l s  a n d  d e r i v a t i v e s  which  

a p p e a r  i n  t h e  e q u a t i o n s .  

B u r e a u  o f  S t a n d a r d s  c o m p u t e r  p r o g r a m  which  was b a s e d  on  J a c o b s e n ' s  
work. E x t e n s i o n s  t o  t h i s  p r o g r a m  p e r m i t t e d  t h e  a d i a b a t i c  e n e r g y  
e q u a t i o n  t o  be  s o l v e d  f o r  t h e  r e a l  g a s ,  n i t r o g e n .  The f l o w  c h a r t  
g i v e n  i n  f i g u r e  2 o u t l i n e s  t h e  s o l u t i o n  p r o c e d u r e .  

I n  t h e  p r e s e n t  a n a l y s i s ,  e x t e n s i v e  u s e  i s  made of  a N a t i o n a l  

I s e n t r o p i c  F low R e s u l t s  

R e a l - g a s  i s e n t r o p i c  f l o w  s o l u t i o n s  of  t h e  t y p e  j u s t  d e s c r i b e d  

h a v e  been  o b t a i n e d  f o r  e x p a n s i o n s  u p  t o  a Mach number o f  2 .0 ;  t h i s  

l e v e l  i s  a b o u t  t h e  maximum l o c a l  Mach number e n c o u n t e r e d  i n  t r a n -  
s o n i c  t e s t i n g .  These s o l u t i o n s  c o v e r  s t a g n a t i o n  p r e s s u r e s  from 
1 t o  30 atm a n d  s t a g n a t i o n  t e m p e r a t u r e s  f r o m  90 t o  300 K .  The 
p r e s s u r e  r a n g e  i s  e x t e n d e d  we l l  beyond t h a t  a n t i c i p a t e d  f o r  a 
t r a n s o n i c  c r y o g e n i c  wind t u n n e l  s o  t h a t  f l o w  s o l u t i o n s  a t  c o n s t a n t  
u n i t  R e y n o l d s  numbers  c o u l d  b e  compared  o v e r  a w i d e  r a n g e  of  tem- 
p e r a t u r e s .  These f l o w  s o l u t i o n s  a r e  p r e s e n t e d  i n  t a b l e  I .  The 

t a b l e  key  p r e s e n t e d  p r i o r  t o  t h e  t a b l e  g i v e s  t h e  s u b d i v i s i o n s  a n d  
t h e  parameters t h a t  a r e  l i s t e d .  

The i s e n t r o p i c  f l o w  s o l u t i o n s  a r e  a n a l y z e d  i n  t h e  f o l l o w i n g  
manner .  F i r s t ,  t h e  d e v i a t i o n  f r o m  t h e  i d e a l  d i a t o m i c  g a s  v a l u e s  
i s  p r e s e n t e d  f o r  a r a n g e  o f  w i n d - t u n n e l  o p e r a t i n g  c o n d i t i o n s  
i n c l u d i n g  c o n d i t i o n s  o f  c o n s t a n t  u n i t  R e y n o l d s  number .  S e c o n d ,  
t h e  i m p l i c a t i o n s  o f  t h e  d e v i a t i o n s  w i t h  r e g a r d  t o  t h e  a d e q u a c y  o f  
c r y o g e n i c  n i t r o g e n  as  a t r a n s o n i c  t e s t  g a s  a r e  i l l u s t r a t e d  by 
e x p a n d i n g  n i t r o g e n  a n a l y t i c a l l y  t h r o u g h  a c o n t o u r e d  stream t u b e  a t  
v a r i o u s  s t a g n a t i o n  c o n d i t i o n s .  And, f i n a l l y ,  t h e  i s e n t r o p i c  
e x p a n s i o n  c o e f f i c i e n t s  f o r  n i t r o g e n  a r e  compared  w i t h  t h e  s p e c i f i c  
hea t  r a t i o s  f o r  t h e  same c o n d i t i o n s .  
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D e v i a t i o n  of I s e n t r o p i c  F low Parameters 

The d e v i a t i o n  of e a c h  of  t h e  i s e n t r o p i c  f l ow p a r a m e t e r s  f o r  
n i t r o g e n  from t h e  c o r r e s p o n d i n g  i d e a l - g a s  v a l u e  i s  i l l u s t r a t e d  i n  
f o u r  summary f i g u r e s .  The s t a g n a t i o n - p r e s s u r e  r a n g e  ( 1  t o  10 atm) 
c o v e r s  t h e  e x t r e m e s  i n  p r e s s u r e  a n t i c i p a t e d  f o r  t r a n s o n i c  c r y o -  
g e n i c  wind  t u n n e l s .  F o r  t h e  c o m p a r i s o n s  a t  c o n s t a n t  u n i t  
R e y n o l d s  n u m b e r s ,  t h e  p r e s s u r e s  h a v e  b e e n  a l lowed t o  g o  
beyond t h i s  r a n g e .  The lower t e m p e r a t u r e  l i m i t s  c o r r e s p o n d  
t o  c o n d i t i o n s  of s a t u r a t i o n .  

P r e s s u r e  r a t i o  p / p t . -  I n  t h e  t e m p e r a t u r e  r a n g e  of  i n t e r e s t  
f o r  c r y o g e n i c  t e s t i n g  ( t h a t  i s ,  be low a b o u t  150 K ) ,  t h e  d e v i a t i o n  
of t h i s  p a r a m e t e r  from t h e  i d e a l  v a l u e  i n c r e a s e s  w i t h  d e c r e a s i n g  
t e m p e r a t u r e  a n d  w i t h  i n c r e a s i n g  p r e s s u r e  ( f i g .  3 ) .  F o r  c o n d i t i o n s  
of c o n s t a n t  u n i t  R e y n o l d s  number ( f i g .  4 1 ,  t h e  d e v i a t i o n s  of t h e  

p r e s s u r e  r a t i o  a t  s a t u r a t i o n  t e m p e r a t u r e s  a r e  i n  t h e  same o r d e r  a s  
t h o s e  a t  a m b i e n t  t e m p e r a t u r e s  ( 3 0 0  K ) .  T h i s  r e s u l t  i n d i c a t e s  t h a t  
t h e  r e a l - g a s  e f f e c t s  f o r  t h e  h i g h - p r e s s u r e ,  a m b i e n t - t e m p e r a t u r e  
a p p r o a c h  of a c h i e v i n g  h i g h e r  t e s t  R e y n o l d s  numbers  a r e  of  t h e  same 
o r d e r  of m a g n i t u d e  a s  f o r  t h e  c r y o g e n i c  w i n d - t u n n e l  a p p r o a c h .  

The e f f e c t  o f  Mach number on t h e  d e v i a t i o n  of  t h e  p r e s s u r e  
r a t i o  i s  n o t  s y s t e m a t i c  ( f i g .  5 ) .  A t  t empera tu res  n e a r  s a t u r a -  
t i o n ,  t h e  d e v i a t i o n  does i n c r e a s e  w i t h  i n c r e a s i n g  Mach number ,  
b u t  b e c a u s e  t h e  s a t u r a t i o n  t e m p e r a t u r e  i s  h i g h e r  a t  t h e  h i g h e r  
Mach n u m b e r s ,  t h e  maximum d e v i a t i o n  does  n o t  o c c u r  a t  t h e  h i g h -  
e s t  Mach number ( 2 . 0 ) .  A maximum d e v i a t i o n  of 0 .8  p e r c e n t  o c c u r s  
a t  t h e  s a t u r a t i o n  t e m p e r a t u r e  f o r  a Mach number o f  a b o u t  1 . 4  
( f i g .  6 ;  10  a tm).  A t  M = 1 . 4 ,  t h i s  d e v i a t i o n  i s  e q u i v a l e n t  t o  
a Mach number d i f f e r e n c e  i n  t h e  i d e a l  g a s  of  0 .006 o r  t o  t h e  d i f -  

f e r e n c e  w h i c h  o c c u r s  when a d i f f e r e n t  i d e a l  g a s  h a v i n g  a 
y = 1.380 i s  u s e d .  

e f f ec t s -  on t h e  t e m p e r a t u r e  r a t i o .  
t u r e  r a t i o  i n c r e a s e s  w i t h  i n c r e a s e s  i n  s t a g n a t i o n  p r e s s u r e  
( f i g .  7 ) ,  w i t h  i n c r e a s e s  i n  Mach number ( f i g .  91,  a n d  w i t h  

T e m p e r a t u r e  r a t i o  T / T t . -  F i g u r e s  7 t o  10 show t h e  r e a l - g a s  
The d e v i a t i o n  o f  t h e  t e m p e r a -  
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decreases i n  t e m p e r a t u r e  ( f i g s .  7 a n d  9 ) .  A t  c o n s t a n t  u n i t  
R e y n o l d s  numbers  ( f i g .  8 ) ,  t h e  d e v i a t i o n  of  t h i s  r a t i o  i s  n e a r l y  
i n d e p e n d e n t  of s t a g n a t i o n  t e m p e r a t u r e ,  s l i g h t l y  l e s s  d e v i a t i o n  
o c c u r r i n g  a t  t e m p e r a t u r e s  n e a r  s a t u r a t i o n .  The maximum d e v i a t i o n  
of t h i s  parameter i s  a b o u t  1 .2  p e r c e n t  ( f i g .  10) .  A t  M = 2 . 0 ,  
t h i s  d e v i a t i o n  i s  e q u i v a l e n t  t o  a d i f f e r e n c e  i n  Mach number i n  t h e  
i d e a l  gas  of  0 .03  o r  t o  t h e  d i f f e r e n c e  w h i c h  o c c u r s  when a d i f -  

f e r e n t  i d e a l  gas h a v i n g  a y -- 1 .411  i s  u s e d .  
D e n s i t y  r a t i o  P I P t . -  F i g u r e s  1 1  t o  14 show t h e  real-gas  

e f f e c t s  on t h e  d e n s i t y  r a t i o .  T h e  d e v i a t i o n s  of  t h i s  parameter 
a re  g e n e r a l l y  l e s s  a t  c r y o g e n i c  t e m p e r a t u r e s  ( n e a r  s a t u r a t i o n )  
t h a n  a t  a m b i e n t  t e m p e r a t u r e s  ( f i g .  1 1 ) .  The d e v i a t i o n s  i n c r e a s e  
w i t h  s t a g n a t i o n  p r e s s u r e  a n d  g e n e r a l l y  i n c r e a s e  w i t h  i n c r e a s i n g  
Mach number ( f i g .  1 3 ) .  A t  c o n s t a n t  u n i t  R e y n o l d s  numbers  
( f i g .  1 2 ) ,  t h e  d e v i a t i o n  i s  much l e s s  a t  c r y o g e n i c  t e m p e r a t u r e s  
t h a n  a t  a m b i e n t  t e m p e r a t u r e s .  The maximum d e v i a t i o n s  o c c u r  a t  
a m b i e n t  t e m p e r a t u r e s  a n d  h i g h  Mach n u m b e r s  ( f i g .  1 3 ) .  A t  M = 2 . 0 ,  

p t  = 10 atm, a n d  T t  = 300 K ,  t h e  d e v i a t i o n  ( f rom t a b l e  I )  i s  a b o u t  
0 . 9  p e r c e n t .  T h i s  d e v i a t i o n  i s  e q u i v a l e n t  t o  a d i f f e r e n c e  i n  Mach 
number of 0 .007 o r  t o  t h e  d i f f e r e n c e  which  o c c u r s  when a d i f f e r e n t  
i d e a l  gas h a v i n g  a Y = 1 .410  i s  u s e d .  

S t r e a m - t u b e  area r a t i o  A / A + . -  _ -  F i g u r e s  15 t o  18 show t h e  

real-gas e f f e c t s  on  t h e  s t r e a m - t u b e  area r a t i o .  S i n c e  t h i s  param- 
e t e r  i s  n o r m a l i z e d  by c o n d i t i o n s  a t  M = 1 . 0 ,  c o m p a r i s o n s  a t  o t h e r  
Mach numbers  a r e  s i g n i f i c a n t .  I n c r e a s i n g  s t a g n a t i o n  p r e s s u r e  g e n -  
e r a l l y  i n c r e a s e s  t h e  d e v i a t i o n  of  t h i s  parameter ( f i g .  1 5 ) .  The 
e f f ec t  o f  r e d u c i n g  s t a g n a t i o n  t e m p e r a t u r e  i s ' g e n e r a l l y  o n e  of  
r e d u c i n g  t h e  d e v i a t i o n s  ( f i g .  1 7 ) .  A t  c o n s t a n t  u n i t  R e y n o l d s  
numbers  ( f i g .  161,  t h e  d e v i a t i o n s  a t  s a t u r a t i o n  t e m p e r a t u r e s  a r e  
c o n s i d e r a b l y  l e s s  t h a n  t h o s e  a t  a m b i e n t  t e m p e r a t u r e s .  F o r  t h e  

10-atm p r e s s u r e  r a n g e ,  t h e  maximum d e v i a t i o n  i s  a b o u t  0 . 3  p e r -  

c e n t  ( f i g .  1 5 ) .  F o r  t h e  M = 2 . 0  s a t u r a t i o n - t e m p e r a t u r e  case 
( f i g .  171, t h e  o b s e r v e d  0 . 3  p e r c e n t  i s  e q u i v a l e n t  t o  a d i f f e r -  
e n c e  i n  Mach number i n  t h e  i d e a l  gas of 0 .004  o r  t o  t h e  d i f f e r -  
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I 

e n c e  wh ich  o c c u r s  when a d i f f e r e n t  i d e a l  gas h a v i n g  a 
Y = 1.396 is  u s e d .  

down t o  s a t u r a t i o n ,  t h e  f o l l o w i n g  t a b l e  g i v e s  t h e  maximum d e v i a -  
t i o n  of t h e  v a r i o u s  i s e n t r o p i c  parameters f o r  5- a n d  10-atm 
p r e s s u r e  : 

Summary.- F o r  t h e  t e m p e r a t u r e  r a n g e  from a m b i e n t  ( 3 0 0  K )  

I s e n t r o p i c  
p a r a m e t e r s  

P / P t  

p / p t  

A / A *  

T / T t  

Maximum d e v i a t i o n  i n  p e r c e n t  a t  - 
Pt = 5 atm 

0 .5  
-0.7 -1.2 

0 . 4  0 . 9  
k 0 . 2  t 0 . 3  

The v a l u e s  a t  5 atm are  g i v e n  b e c a u s e  t h i s  p r e s s u r e  i s  t h e  max i -  
mum o p e r a t i n g  p r e s s u r e  of  t h e  e x i s t i n g  L a n g l e y  1/3-meter t r a n -  
s o n i c  c r y o g e n i c  t u n n e l  ( r e f .  3 ;  f o r m e r l y  known a s  t h e  L a n g l e y  
p i l o t  t r a n s o n i c  c r y o g e n i c  t u n n e l )  a n d ,  a t  t h i s  t ime ,  no  a p p a r -  
e n t  p r o b l e m s  o f  f low s i m u l a t i o n  h a v e  b e e n  d e t e c t e d  i n  t h e  v a r i -  
o u s  e x p e r i m e n t a l  i n v e s t i g a t i o n s  p e r f o r m e d  i n  t h i s  f a c i l i t y .  

S t ream-Tube  A n a l y s i s  

The p o t e n t i a l  u s e r  o f  a t r a n s o n i c  t u n n e l  w h i c h  u s e s  c r y o -  
g e n i c  n i t r o g e n  a s  t h e  t e s t  gas i s  c o n c e r n e d  w i t h  how much these  
r e a l - g a s  d e v i a t i o n s  a f f e c t  t h e  p r e s s u r e  d i s t r i b u t i o n s  o r  f o r c e  
m e a s u r e m e n t s  of a n  a e r o d y n a m i c  t e s t .  To o b t a i n  some i n d i c a t i o n  
of how much t h e  p r e s s u r e  d i s t r i b u t i o n  of  a n  a i r f o i l  m i g h t  b e  

a f fec ted  by t e s t i n g  i n  a c r y o g e n i c  n i t r o g e n  t u n n e l ,  i t  i s  p o s s i -  
b l e  t o  s t u d y  a n a l y t i c a l l y  t h e  e x p a n s i o n  of  n i t r o g e n  t h r o u g h  a n  
e s p e c i a l l y  c o n t o u r e d  stream t u b e  a n d  t o  compare  t h e  r e s u l t i n g  
p r e s s u r e  d i s t r i b u t i o n  w i t h  t h a t  o b t a i n e d  when a n  i d e a l  d i a t o m i c  
g a s  i s  e x p a n d e d  t h r o u g h  t h e  same stream t u b e .  The a rea  d i s t r i -  
b u t i o n  of  s u c h  a stream t u b e  would  b e  s u c h  t h a t  a s  t h e  i d e a l  g a s  
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e x p a n d s  t h r o u g h  i t ,  some t y p i c a l  w i n g  p r e s s u r e  d i s t r i b u t i o n  i s  
o b t a i n e d .  T h i s  a n a l y s i s  i s  n o t  e n t i r e l y  r i g o r o u s  b e c a u s e  i t  
a s s u m e s  s t r e a m l i n e  s i m i l a r i t y  o f  gases as t h e y  f l o w  o v e r  t h e  a i r -  
f o i l ,  b u t  i t  p r o b a b l y  d o e s  g i v e  t h e  a p p r o x i m a t e  v a l u e s  of  t h e  
e x p e c t e d  d i f f e r e n c e s  i n  t h e  p r e s s u r e  d i s t r i b u t i o n .  

The p r e s s u r e  d i s t r i b u t i o n  s e l e c t e d  f o r  t h e  a n a l y s i s  i s  shown 
i n  f i g u r e  19 .  T h i s  d i s t r i b u t i o n  i s  r e p r e s e n t a t i v e  o f  o n e  o b t a i n e d  
on an a i r f o i l  i n  w i n d - t u n n e l  t e s t s  a t  a Mach number of  0 . 9 0  a n d  a t  
h i g h  l i f t  c o n d i t i o n s .  I t  was c h o s e n  p r i m a r i l y  b e c a u s e  o f  t h e  w i d e  
r a n g e  of l o c a l  Mach numbers .  F i g u r e  20 shows t h e  e f f e c t i v e  area 
d i s t r i b u t i o n  i n  terms of  A / A *  o f  a stream t u b e  which  would  g i v e  
t h e  same p r e s s u r e  d i s t r i b u t i o n  when t h e  i d e a l  gas i s  e x p a n d e d  
t h r o u g h  t h e  stream t u b e .  

F i r s t ,  n i t r o g e n  i s  a n a l y t i c a l l y  e x p a n d e d  t h r o u g h  t h i s  stream 
t u b e  f o r  s t a g n a t i o n  pressures  t o  10 atm a n d  a t  t e m p e r a t u r e s  w h i c h  

are n e a r  t h e  s a t u r a t i o n  t e m p e r a t u r e  a s s o c i a t e d  w i t h  t h e  maximum 
l o c a l  Mach number .  F i g u r e  21 g i v e s  t h e  r e s u l t i n g  p r e s s u r e  d i s t r i -  

b u t i o n s  r e l a t i v e  t o  t h e  i d e a l - g a s  p r e s s u r e  d i s t r i b u t i o n .  The d e v i -  
a t i o n  o f  t h e  p r e s s u r e  c o e f f i c i e n t s  i n c r e a s e s  w i t h  i n c r e a s e d  s t a g -  
n a t i o n  p r e s s u r e ,  a n d  t h e  maximum d e v i a t i o n  of  a b o u t  0.6 p e r c e n t  
o c c u r s  a t  10 atm a n d  a t  l o c a t i o n s  where t h e  Mach number i s  n e a r  
f ree  stream. 

The e f f e c t  of v a r i a t i o n s  o f  s t a g n a t i o n  t e m p e r a t u r e  on  t h e  
s t r e a m - t u b e  p r e s s u r e  d i s t r i b u t i o n  i s  shown i n  f i g u r e  22 f o r  8-atm 
p r e s s u r e .  A t  300 K ,  t h e  v a l u e s  of  t h e  p r e s s u r e  c o e f f i c i e n t  c 
are  a b o u t  0 .7  p e r c e n t  lower t h a n  t h o s e  f o r  t h e  i d e a l  gas.  As 
s t a g n a t i o n  t e m p e r a t u r e  i s  r e d u c e d ,  t h e  p r e s s u r e  c o e f f i c i e n t s  a l o n g  
t h e  stream t u b e  i n c r e a s e .  A t  145 K ,  t h e  c o e f f i c i e n t s  a r e  a t  most 
0 . 4  p e r c e n t  lower t h a n  t h e  i d e a l  v a l u e .  A s  s t a g n a t i o n  temperature 
is  r e d u c e d  f u r t h e r ,  t h e  gas  i n  t h e  h i g h  Mach number r e g i o n  reaches 
s a t u r a t i o n  t e m p e r a t u r e s .  S i n c e ,  i n  t h e  c o m p u t e r  program, t h e  gase- 
o u s  t h e r m o d y n a m i c  p r o p e r t i e s  c a n  o n l y  b e  d e t e r m i n e d  f o r  tempera- 
t u r e s  e q u a l  t o  o r  a b o v e  t h e  s a t u r a t i o n  t e m p e r a t u r e ,  t h e  pressure 
c o e f f i c i e n t s  c o u l d  n o t  be  computed  f o r  t h i s  r e g i o n  of  t h e  stream 
t u b e .  Tests  made i n  t h e  L a n g l e y  1/3-1neter t r a n s o n i c  c r y o g e n i c  , I  

P 
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t u n n e l  ( r e f .  7 )  show t h a t  tes ts  of  a n  a i r f o i l  c a n  be made a t  tem- 
p e r a t u r e s  n e a r  free-stream s a t u r a t i o n  t e m p e r a t u r e s  w i t h o u t  a n y  s i g -  
n i f i c a n t  e f f e c t s  on a i r f o i l  p r e s s u r e  d i s t r i b u t i o n  c a u s e d  by l i q u e -  
f a c t i o n .  For t h i s  r e a s o n ,  t h e  lower s t a g n a t i o n - t e m p e r a t u r e  p r e s s u r e  
d i s t r i b u t i o n s  a r e  p r e s e n t e d  f o r  t h a t  p o r t i o n  of  t h e  n o z z l e  f o r  
wh ich  t h e  f l o w  s o l u t i o n s  c o u l d  be  o b t a i n e d .  F o r  t hese  t e m p e r a t u r e s  
t h a t  approach  t h e  free-stream s a t u r a t i o n  t e m p e r a t u r e ,  t h e  p r e s s u r e  
c o e f f i c i e n t s  become g rea t e r  t h a n  t h o s e  f o r  t h e  i d e a l  gas .  I n  t h e  
low Mach number r e g i o n  of  t h e  stream t u b e  t h e  d e v i a t i o n  f rom t h e  

i d e a l  i s  o n l y  a b o u t  0 . 2  or 0 .3  p e r c e n t .  However ,  i f  t hese  c u r v e s  
a re  e x t r a p o l a t e d  i n t o  t h e  h i g h  Mach number r e g i o n ,  t h e  d e v i a t i o n  
m i g h t  be a p p r o x i m a t e l y  1 p e r c e n t .  T h i s  d e v i a t i o n  i s  s l i g h t l y  
h i g h e r  t h a n  t h a t  a t  a m b i e n t  t e m p e r a t u r e s ,  b u t  i s  p r o b a b l y  n o t  of  
c o n s e q u e n c e  f o r  most w i n d - t u n n e l  i n v e s t i g a t i o n s .  

The s t r e a m - t u b e  p r e s s u r e  d i s t r i b u t i o n s  f o r  d i f f e r e n t  combina -  
t i o n s  of s t a g n a t i o n  t e m p e r a t u r e  a n d  p r e s s u r e  w h i c h  r e s u l t  i n  a 
c o n s t a n t  u n i t  R e y n o l d s  number of  400 x Mm = 0 . 9 0  
are  p r e s e n t e d  i n  f i g u r e  2 3 .  A t  a m b i e n t  t e m p e r a t u r e s  ( 3 0 0  K )  a n d  
a t  t h e  p r e s s u r e  r e q u i r e d  t o  a c h i e v e  t h i s  u n i t  R e y n o l d s  number ,  t h e  

s t r e a m - t u b e  p r e s s u r e  c o e f f i c i e n t s  c a n  b e  a s  much a s  2 . 5  p e r c e n t  
lower t h a n  t h o s e  c o e f f i c i e n t s  f o r  t h e  i d e a l  g a s .  A t  150 K ( n e a r  

l o 6  p e r  meter a t  

, t h e  o n s e t  o f  l o c a l  s a t u r a t i o n ) ,  t h e  p r e s s u r e  c o e f f i c i e n t s  a r e  a t  
most 0 .8  p e r c e n t  l o w e r  t h a n  t h e  i d e a l  v a l u e s .  A t  a t e m p e r a t u r e  
n e a r  free-stream s a t u r a t i o n  ( 1 1 5  K ) ,  t h e  d e v i a t i o n  i s  a b o u t  
0 . 3  p e r c e n t  i n  t h e  low Mach number r e g i o n s  of  t h e  stream t u b e  a n d ,  
i f  e x t r a p o l a t e d  i n t o  t h e  h i g h  Mach number r e g i o n ,  t h e  d e v i a t i o n  
a g a i n  would  p r o b a b l y  be  a b o u t  1 p e r c e n t .  

a t r a n s o n i c  t u n n e l  c a p a b l e  o f  a c h i e v i n g  a g i v e n  u n i t  R e y n o l d s  
number i s  c o n s i d e r e d ,  t h e  real-gas  e f f e c t s  of n i t r o g e n  f o r  i s e n -  
t r o p i c  f low a re  l e s s  t h a n  a t  a m b i e n t  t e m p e r a t u r e s ,  w h e r e  t h e  

d e s i r e d  u n i t  R e y n o l d s  number mus t  be a c h i e v e d  t h r o u g h  g r e a t l y  
i n c r e a s e d  o p e r a t i n g  p r e s s u r e .  T h i s  r e s u l t  i s  c o n s i s t e n t  w i t h  t h e  
des i r e  t o  opera te  a t  low p r e s s u r e s  b e c a u s e  o f  model  a n d  b a l a n c e  
s t r e n g t h  c o n s i d e r a t i o n s .  

F i g u r e  2 3  and  o t h e r s  ( f i g s .  4 ,  8 ,  1 2 ,  a n d  1 6 )  show t h a t  when 

1 3  



4 The maximum d e v i a t i o n s  of  t h e  p r e s s u r e  c o e f f i c i e n t s  f o r  t h e  

s t r e a m - t u b e  e x p a n s i o n s  of  n i t r o g e n  a t  c r y o g e n i c  t e m p e r a t u r e s  a re  

t h e  maximum d e v i a t i o n s  of  t h e  p r e s s u r e  c o e f f i c i e n t s  on  a n  a i r f o i l  
as a r e s u l t  o f  t h e  real-gas e f f e c t s  i n  t h e  i s e n t r o p i c  f l o w  f i e l d ,  
t h e n  t h i s  e r r o r  would  n o t ,  i n  most ca ses ,  be  l a r g e r  t h a n  t h e  o t h e r  
u n c e r t a i n t i e s  e n c o u n t e r e d  i n  t r a n s o n i c  w i n d - t u n n e l  t e s t i n g .  

1 
a b o u t  1 p e r c e n t .  Assuming t h a t  t hese  d e v i a t i o n s  a re  i n d i c a t i v e  of  1 

I s e n t r o p i c  E x p a n s i o n  C o e f f i c i e n t s  
I 

As p r e v i o u s l y  m e n t i o n e d ,  f o r  a n  i d e a l  gas  e x p a n d i n g  i s e n t r o p -  
i c a l l y ,  p r e s s u r e  a n d  d e n s i t y  a re  r e l a t ed  by p = p y ( C o n s t a a t ) .  
The c o e f f i c i e n t  i s  c o n s t a n t  a l o n g  t h e  i s e n t r o p e  a n d  i s  e q u a l  t o  
t h e  s p e c i f i c  heat  r a t i o .  The c a l o r i c  i m p e r f e c t i o n s  of  n i t r o g e n  a t  
c r y o g e n i c  t e m p e r a t u r e s  were n o t e d  e a r l i e r  ( f i g .  l ( b ) ) .  Wi th  

v a r y i n g  t h u s  w i t h  p r e s s u r e  a n d  t e m p e r a t u r e ,  i t  m i g h t  be  a n t i c i -  
p a t e d  t h a t  t h i s  e x p o n e n t i a l  e q u a t i o n  would  no  l o n g e r  be  v a l i d  a n d  
t h a t  t h e  i s e n t r o p i c  f l o w  s o l u t i o n s  f o r  n i t r o g e n  migh t  d e v i a t e  
c o n s i d e r a b l y  more from t h e  i d e a l  s o l u t i o n s  t h a n  t h e y  do. 

Wool l ey  a n d  B e n e d i c t  ( r e f .  8 )  i n d i c a t e  t h a t  t h i s  e x p o n e n t i a l  
e q u a t i o n  may s t i l l  a d e q u a t e l y  d e s c r i b e  t h e  p r e s s u r e - d e n s i t y  r e l a -  
t i o n s h i p  f o r  real-gas i s e n t r o p i c  e x p a n s i o n s ,  b u t  t h e  e x p o n e n t  
would no  l o n g e r  be  e q u a l  t o  t h e  s p e c i f i c  hea t  r a t i o .  These 

a u t h o r s  d e f i n e d  t h i s  real-gas e x p o n e n t  a s  t h e  i s e n t r o p i c  e x p a n s i o n  
c o e f f i c i e n t  a. They f u r t h e r  i n d i c a t e d  t h a t  t h e  u s u a l  ideal-gas  
f o r m u l a s  may be a d e q u a t e l y  v a l i d  i f  a r a t h e r  t h a n  y i s  u s e d .  

The e q u a t i o n s  g i v e n  by Wool l ey  a n d  B e n e d i c t  f o r  c a l c u l a t i n g  a 

are 

a =  
Z 
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and  

S i n c e ,  f o r  t h e  p r e s e n t  a n a l y s i s ,  t h e  r e a l - g a s  i s e n t r o p i c  f l o w  
s o l u t i o n s  h a v e  b e e n  o b t a i n e d  a n d  t h e  v a r i a t i o n  of  p r e s s u r e  w i t h  
d e n s i t y  i s  known, i t  i s  much eas ie r  t o  d e t e r m i n e  a f r o m  t h e  
e q u a t i o n  

where s t a t e s .  3 a n d  4 r e p r e s e n t  a n  i n c r e m e n t  a l o n g  a n  i s e n t r o p e  
t h a t  is  e q u i v a l e n t  t o  0 . 0 5  i n  Mach number .  The i s e n t r o p i c  
e x p a n s i o n  c o e f f i c i e n t s  t h a t  were o b t a i n e d  by u s e  of e q u a t i o n  ( 6 )  
and  t h e  real-gas s o l u t i o n s  a re  p r e s e n t e d  i n  f i g u r e  24.  I n  t h i s  
case,  t h e  i s e n t r o p e s  b e g i n  a t  a s t a g n a t i o n  t e m p e r a t u r e  o f  130  K 
and  a t  v a r i o u s  v a l u e s  o f  s t a g n a t i o n  p r e s s u r e .  T h i s  t e m p e r a t u r e  
i s  c h o s e n  b e c a u s e  i t  a l l o w s  e x p a n s i o n s  t o  n e a r  M = 2 . 0  before  
s a t u r a t i o n  t akes  p l a c e .  The d e v i a t i o n  of  a a l o n g  t h e  i s e n -  
t r o p e  i s  d e p e n d e n t  on  t h e  p r e s s u r e ;  a t  t h e  h i g h e s t  p r e s s u r e ,  a 

v a r i e s  by a b o u t  2 . 5  p e r c e n t  o v e r  t h e  Mach number r a n g e  ( e x t r a p -  
o l a t e d  from M = 1 . 6  t o  M = 2 . 0 ) .  

which  b e g i n  a t  8 atm a n d  a t  v a r i o u s  s t a g n a t i o n  t e m p e r a t u r e s  i s  
shown i n  f i g u r e  25 .  The l e v e l s  o f  a v a r y  s l i g h t l y  w i t h  tem- 
p e r a t u r e ,  b u t  t h e  degree of  c o n s t a n c y  a l o n g  t h e  i s e n t r o p e  i s  n o t  
a s t r o n g  f u n c t i o n  of t e m p e r a t u r e .  A t  300 K ,  t h e  v a r i a t i o n  i s  
a b o u t  1 p e r c e n t ,  w h i l e  a t  120 K t h e  v a r i a t i o n  i s  a b o u t  2 . 0  p e r -  
c e n t  if t h e  c u r v e s  a re  e x t r a p o l a t e d  t o  c o v e r  Mach numbers  t o  
2.0.  F o r  these  i s e n t r o p i c  e x p a n s i o n s  t o  Mach 2.0 ( f i g s .  24  a n d  
251, t h e  maximum v a r i a t i o n  of  t h e  c o e f f i c i e n t s  i s  a b o u t  2 .5  p e r -  
c e n t .  F o r  t h e  Mach r a n g e  u n d e r  c o n s i d e r a t i o n ,  t h e  i s e n t r o p i c  

The degree t o  w h i c h  a r e m a i n s  c o n s t a n t  f o r  i s e n t r o p e s  
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f low parameters a r e  r a t h e r  weak f u n c t i o n s  of Y ,  a n d  t h i s  amount  
of v a r i a t i o n  i s  n o t  v e r y  s i g n i f i c a n t .  

c o e f f i c i e n t s  w i t h  s t a g n a t i o n  t e m p e r a t u r e  f o r  v a r i o u s  s t a g n a t i o n  
p r e s s u r e s .  These c o e f f i c i e n t s  a r e  t a k e n  a t  t h e  Mach 1 .0  p o s i t i o n  
on t h e  i s e n t r o p e s  b e c a u s e  t h e  c o e f f i c i e n t s  a t  t h i s  p o s i t i o n  a re  
r e p r e s e n t a t i v e  of  a n  a v e r a g e  v a l u e  f o r  t h e  i s e n t r o p e .  These 
c o e f f i c i e n t s  r e m a i n  s u r p r i s i n g l y  c lose  t o  t h e  i d e a l  d i a t o m i c  gas 
v a l u e  of 1 . 4 ,  e s p e c i a l l y  i n  v i e w  o f  t h e  l a r g e  v a r i a t i o n s  of  t h e  

s p e c i f i c  heat r a t i o s  shown i n  f i g u r e  l ( b ) .  These r e s u l t s  i n d i c a t e  
t h a t  n i t r o g e n  a t  t h e  t e m p e r a t u r e s  a n d  p r e s s u r e s  of i n t e r e s t  f o r  
wind t u n n e l s  e x p a n d s  v e r y  much l i k e  a n  i d e a l  d i a t o m i c  gas w i t h  a 
Y of 1 .4 .  i 

F i g u r e  26 shows t h e  v a r i a t i o n  o f  t h e  i s e n t r o p i c  e x p a n s i o n  

An i n d i c a t i o n  of  t h e  a c c u r a c y  o f  i s e n t r o p i c  f l ow s o l u t i o n s  
made by u s i n g  these  e x p a n s i o n  c o e f f i c i e n t s  i n  c o m b i n a t i o n  w i t h  t h e  
u s u a l  ideal-gas  e q u a t i o n s  c a n  be o b t a i n e d  by c o m p a r i n g  these  s o l u -  
t i o n s  w i t h  t h e  real-gas s o l u t i o n s .  A l so ,  as  a matter of  i n t e r e s t ,  
these s o l u t i o n s  c a n  be compared w i t h  t h o s e  o b t a i n e d  by u s i n g  t h e  

a c t u a l  v a l u e s  of  Y i n  t h e  i dea l -gas  e q u a t i o n s .  As a n  e x a m p l e ,  
s t a g n a t i o n  c o n d i t i o n s  of 8 atm a n d  120 K a re  c h o s e n .  From f i g -  

u r e s  l ( b )  a n d  2 6 ,  t h e  v a l u e s  o f  Y a n d  a a r e  1 .565  and  1 . 3 8 9 ,  
r e s p e c t i v e l y .  The i s e n t r o p i c  f l o w  parameters r e s u l t i n g  from s o l u -  
t i o n s  o b t a i n e d  as d e s c r i b e d  a n d  from t h e  real-gas s o l u t i o n s  a r e  
shown i n  f i g u r e  27. These parameters ( p / p t ,  T / T t ,  p / p t ,  a n d  
A / A * )  a re  p r e s e n t e d  i n  r e l a t i o n  t o  t h e i r  i d e a l  d i a t o m i c  gas v a l u e .  
The u s e  of t h e  e x p a n s i o n  c o e f f i c i e n t  i n  t h e  i d e a l - g a s  e q u a t i o n s  
g i v e s  r e s u l t s  t h a t  a p p r o x i m a t e  t h e  real-gas s o l u t i o n s  t o  w i t h i n  
a b o u t  1 p e r c e n t .  On t h e  o t h e r  h a n d ,  i t  i s  c l e a r l y  i n d i c a t e d  t h a t  
t h e  u s e  of t h e  a c t u a l  Y i n  t h e  i dea l -gas  e q u a t i o n s  g i v e s  e r r o n e -  
o u s  i n d i c a t i o n s  of  t h e  m a g n i t u d e  of real-gas e f f ec t s .  

, 
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FLOW THROUGH NORMAL SHOCKS 

Across a normal shock the conservation equations for mass, 
momentum, and energy must be satisfied. These equations are as 
follows : 

Mass 

P I V 1  = P2V* 

Momentum 

P1 + P 1 V I 2  = p2 + P2V2 2 

E'n e r g y : .  
: .  

- Ht v22 
2 

H1 + -  V12 = H 2 + - -  
2 

These equations, t gether with th caloric equation of state 
H = H(p,T) and the thermal equation of state p = p(p,T), can be 
solved simultaneously for the five downstream flow parameters p2, 
P2, v2, H2, and T2' 

Ideal-Gas Solutions 

Because of the simplicity of the caloric and thermal equa- 
tions of state for an ideal gas, the five equations can be solved 
readily and the flow parameters downstream of the shock can be 
expressed as a function of the upstream value, the upstream Mach 
number, and the specific heat ratio of the gas. These equations 
are 
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( Y  + 1>M,2 - 02 v1  - = - -  
0 1  ‘2 ( y  - 1 ) M 1 2  + 2 

From t h e  e n e r g y  e q u a t i o n  i t  i s  a p p a r e n t  t h a t  

H t , l  = H t , 2  

and  s i n c e  f o r  a n  i dea l  gas,  cpTt = H t ,  t h e n  

T t , l  = T t . 2  

The o t h e r  s t a g n a t i o n  o r  t o t a l  c o n d i t i o n s  are  d e t e r m i n e d  by a n a l y t -  
i c a l l y  b r i n g i n g  t h e  downs t r eam f l o w  t o  rest i s e n t r o p i c a l l y .  The 
f o l l o w i n g  i s  t h e  r e s u l t i n g  e x p r e s s i o n  f o r  t h e  s t a g n a t i o n  p r e s s u r e  
a n d  d e n s i t y  which i s  i n  terms o f  t h e  u p s t r e a m  v a l u e ,  t h e  u p s t r e a m  
Mach number ,  a n d  t h e  s p e c i f i c  heat  r a t i o  o f  t h e  gas: 

- Y 1 

Many ideal-gas n o r m a l - s h o c k  t ab l e s  h a v e  b e e n  g e n e r a t e d  by 
u s i n g  e q u a t i o n s  s imilar  t o  t h o s e  g i v e n  a b o v e .  The t ab l e  i n  re f -  
e r e n c e  9, f o r  e x a m p l e ,  is  f o r  a n  i d e a l  d i a t o m i c  gas. 
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Real-Gas S o l u t i o n s  

B e c a u s e  o f  t h e  c o m p l e x i t y  o f  t h e  thermal a n d  c a l o r i c  e q u a -  
t i o n s  of s t a t e  of  a real  gas, t h e  r e a l - g a s  no rma l - shock  s o l u t i o n s  
are much more d i f f i c u l t  t o  o b t a i n .  The s i m u l t a n e o u s  s o l u t i o n  o f  
t h e  f i v e  p e r t i n e n t  e q u a t i o n s  i s  best a c c o m p l i s h e d  by a h i g h -  
speed d i g i t a l  c o m p u t e r  u s i n g  i t e r a t i v e  s o l u t i o n  t e c h n i q u e s .  F o r  
t h e  real-gas norma l - shock  s o l u t i o n s  o f  t h e  p r e s e n t  a n a l y s i s ,  t h e  
the rmodynamic  e q u a t i o n s  f o r  n i t r o g e n  (as  g i v e n  by J a c o b s e n ,  
ref. 5 )  are a g a i n  u s e d .  As was t h e  case f o r  t h e  i s e n t r o p i c  f l o w  
s o l u t i o n s ,  e x t e n s i v e  u s e  i s  made o f  a N a t i o n a l  B u r e a u  o f  S t a n d a r d s  
p rogram based  on J a c o b s e n ' s  e q u a t i o n s .  

are w r i t t e n  a g a i n  t h u s l y :  
The f i v e  bas ic  e q u a t i o n s  t h a t  must  be  s o l v e d  s i m u l t a n e o u s l y  

Mass 

c1 = P , V 1  = P2V2 

Momentum 

c2 = p 1  + P I V 1 *  = p2  + P 2 V 2  2 

Energy  

2 
c3  = - V 1 2  + H I  = -  v2 + H 2  

2 2 

Thermal e q u a t i o n  of s t a t e  

P2  = f ( P 2 , T 2 )  

C a l o r i c  e q u a t i o n  o f  s t a t e  

(7) 

'(8) 

(9) 

L 



By c o m b i n i n g  e q u a t i o n  ( 7 )  w i t h  e q u a t i o n s  ( 8 )  a n d  ( 9 1 ,  
r e s p e c t i v e l y ,  t h e  f o l l o w i n g  two e q u a t i o n s  a r e  formed: 

T h i s  p r o c e d u r e  r e d u c e s  t h e  p r o b l e m  t o  o n e  of  s o l v i n g  f o u r  
e q u a t i o n s  ( e q s .  ( l o ) ,  ( l l ) ,  ( 1 2 ) ,  a n d  ( 1 3 ) )  f o r  t h e  f o u r  unknowns 
P 2 ,  H2, p 2 ,  a n d  T 2 .  The i t e r a t i v e  p r o c e d u r e  t h a t  i s  u s e d  i n  
s o l v i n g  these  e q u a t i o n s  i s  o u t l i n e d  i n  t h e  f l o w  cha r t  o f  f i g -  
u r e  28. When t h i s  i t e r a t i v e  p r o c e d u r e  c o n v e r g e s ,  a l l  t h e  l o c a l  
f l o w  p r o p e r t i e s  d o w n s t r e a m  of  t h e  s h o c k  a r e  known,  a n d  t h e  t o t a l  
o r  s t a g n a t i o n  q u a n t i t i e s  c a n  b e  d e t e r m i n e d  f r o m  i s e n t ' r o p i c  
c o n s i d e r a t i o n s .  

Real-gas n o r m a l - s h o c k  s o l u t i o n s  h a v e  b e e n  o b t a i n e d  by u s e  
of  these  p r o c e d u r e s  a n d  t h e  s o l u t i o n s  a re  p r e s e n t e d  i n  t a b l e s  I1 
t o  X I .  These t a b l e s  c o v e r  r a n g e s  o f  s t a g n a t i o n  t e m p e r a t u r e  a n d  
p r e s s u r e  from 100 t o  300 K a n d  1 . 0  t o  30.0 atm, r e s p e c t i v e l y .  
The d e t a i l s  of t h e  t a b l e s  a r e  g i v e n  i n  t h e  k e y  p r e c e d i n g  
t a b l e  11. 

Normal-Shock R e s u l t s  - 

The r e s u l t s  o f  t h e  real-gas n o r m a l - s h o c k  s o l u t i o n s  a r e  
p r e s e n t e d  i n  two p a r t s .  F i r s t ,  summary p l o t s  a r e  p r e s e n t e d  t o  
i l l u s t r a t e  t h e  m a g n i t u d e  o f  r e a l - g a s  e f f e c t s  on  t h e  v a r i o u s  
n o r m a l - s h o c k  parameters. T h e s e  p l o t s  a r e  i n  terms o f  t h e  d e v i a -  
t i o n s  f rom t h e  c o r r e s p o n d i n g  i d e a l - g a s  v a l u e s .  T h e s e  parameters 
a r e  shown as  a f u n c t i o n  of s t a g n a t i o n  p r e s s u r e ,  s t a g n a t i o n  tem- 
p e r a t u r e ,  a n d  u p s t r e a m  Mach number .  S e c o n d ,  t h e  m a g n i t u d e  o f  
t h e  real-gas  e f f e c t s  i s  i l l u s t r a t e d  by l o o k i n g  a t  t h e  f l o w  
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parameters i n  a s u p e r s o n i c  stream t u b e  where n o r m a l  s h o c k s  a re  
a s s u m e d  t o  o c c u r .  

A l t h o u g h  t h e  t a b u l a t e d  s o l u t i o n s  c o v e r  a w i d e  r a n g e  of  v a r i -  
ab l e s ,  t h i s  a n a l y s i s  c o v e r s  t h e  e x t r e m e  r a n g e s  a n t i c i p a t e d  f o r  a 
t r a n s o n i c  c r y o g e n i c  t u n n e l .  The s t a g n a t i o n  p r e s s u r e  a n d  t e m p e r a -  
t u r e  r a n g e s  a r e  f r o m  1 t o  10 atm a n d  from 3 0 0  K t o  s a t u r a t i o n  
t e m p e r a t u r e s ,  r e s p e c t i v e l y ,  a n d  t h e  u p s t r e a m  Mach number  r a n g e  i s  
from 1.0 t o  2 .0 .  

P l o t s  o f  Shock P a r a m e t e r s  

P r e s s u r e  r a t i o s  p 2 / p 1  a n d  p t , 2 / p t , l = -  The d e v i a t i o n s  of 
t h e  s t a t i c - p r e s s u r e  r a t i o  a c r o s s  n o r m a l  s h o c k s  f r o m  t h e  i d e a l  
d i a t o m i c  g a s  v a l u e s  a r e  shown i n  f i g u r e s  29 a n d  30. The  s t a t i c -  
p r e s s u r e  r a t i o  f o r  n i t r o g e n  i s  a l w a y s  l e s s  t h a n  t h e  c o r r e s p o n d i n g  
ideal-gas  v a l u e .  The d e v i a t i o n  i n c r e a s e s  w i t h  i n c r e a s i n g  s t ag -  
n a t i o n  p r e s s u r e  ( f i g .  2 9 ) ,  d e c r e a s i n g  s t a g n a t i o n  t e m p e r a t u r e  
( f i g .  2 9 ) ,  a n d  i n c r e a s i n g  u p s t r e a m  Mach number  ( f i g .  3 0 ) .  The 

maximum d e v i a t i o n  o f  t h i s  p r e s s u r e  r a t i o  i s  a b o u t  0 .7  p e r c e n t .  
For a n  i d e a l  g a s  a t  M 1  = 1 . 7 ,  t h i s  d e v i a t i o n  i s  e q u i v a l e n t  t o  
a d i f f e r e n c e  i n  u p s t r e a m  Mach number  of  a b o u t  0.006 o r  t o  t h e  
d i f f e r e n c e  w h i c h  o c c u r s  when a d i f f e r e n t  i d e a l  g a s  h a v i n g  a 
Y = 1 .370  i s  u s e d .  

The d e v i a t i o n s  o f  t h e  s t a g n a t i o n - p r e s s u r e  r a t i o  a c r o s s  n o r m a l  
s h o c k s  from t h e  idea l -gas  v a l u e s  a r e  shown i n  f i g u r e s  31 a n d  32. 
The d e v i a t i o n s  o f  t h i s  p a r a m e t e r  a r e  r a t h e r  i n s i g n i f i c a n t  ( 0 . 2  p e r -  
c e n t  o r  l e s s )  f o r  t h e  e n t i r e  r a n g e  o f  c o n d i t i o n s  c o n s i d e r e d .  

e f f e c t s  on t h e  s t a t i c - t e m p e r a t u r e  r a t i o s  a c r o s s  n o r m a l  s h o c k s  a r e  
shown i n  f i g u r e s  33 a n d  34 .  The d i r e c t i o n  o f  t h e  d e v i a t i o n s  i s  
v e r y  much d e p e n d e n t  on a l l  t h ree  i n d e p e n d e n t  v a r i a b l e s .  A g a i n ,  
t h e  m a g n i t u d e  o f  d e v i a t i o n  i s  ra ther  small  ( 0 . 5  p e r c e n t  o r  l e s s ) .  
For a n  i d e a l  gas a t  M 1  = 2 . 0 ,  t h e  maximum d e v i a t i o n  i s  e q u i v a l e n t  
t o  a c h a n g e  i n  u p s t r e a m  Mach number  of 0 .01  o r  t o  u s i n g  a d i f f e r -  
e n t  i d e a l  g a s  h a v i n g  a Y = 1 .395 .  

T e m p e r a t u r e  r a t i o s  T 2 / T 1  a n d  T t , 2 / T t , l . -  The r e a l - g a s  

21  



The d e v i a t i o n s  o f  t h e  s t a g n a t i o n - t e m p e r a t u r e  r a t i o s  a c r o s s  
n o r m a l  shocks  a r e  shown i n  f i g u r e s  35 a n d  36 .  F o r  t h e  ideal-gas  

case,  ( T t , 2 / T t , l )  E 1.  The s t a g n a t i o n - t e m p e r a t u r e  r a t i o s  f o r  
n i t r o g e n  a r e  l e s s  t h a n  1 . 0 .  The d e v i a t i o n  i n c r e a s e s  w i t h  
i n c r e a s e s  i n  s t a g n a t i o n  p r e s s u r e  a n d  u p s t r e a m  Mach number  a n d  w i t h  
decreases i n  s t a g n a t i o n  t e m p e r a t u r e .  A maximum d e v i a t i o n  o f  a b o u t  
1 .4  p e r c e n t  o c c u r s  a t  P t , l  = 10  atm, 
t i o n  t e m p e r a t u r e s  ( f rom t a b l e  I1 E ) .  The d e v i a t i o n s  o f  t h e  t o t a l -  
t e m p e r a t u r e  r a t i o  a re  c o n s i d e r a b l y  l a r g e r  t h a n  t h o s e  f o r  t h e  
s t a t i c - t e m p e r a t u r e  r a t i o .  T h i s  r e s u l t  i s  c a u s e d  by t h e  g e n e r a l l y  
l o w e r  t e m p e r a t u r e s  ahead o f  t h e  s h o c k  ( f i g .  9 ;  i s e n t r o p i c  s o l u -  
t i o n s )  a n d  t h e  small  d e v i a t i o n s  i n  s t a t i c - t e m p e r a t u r e  r a t i o  ac ross  
t h e  s h o c k  ( f i g .  3 4 ) .  

D e n s i t y  r a t i o s  p 2 / p l  a n d  p t , 2 / P t , l . -  The real-gas e f f e c t s  
on t h e  s t a t i c - d e n s i t y  r a t i o  a c r o s s  n o r m a l  s h o c k s  a r e  shown i n  f i g -  
u r e s  37 a n d  38. The d e v i a t i o n s  of  t h i s  parameter a re  g r e a t e r  a t  
a m b i e n t  t e m p e r a t u r e s  t h a n  a t  c r y o g e n i c  t e m p e r a t u r e s .  The d e v i a -  
t i o n s  a re  b a s i c a l l y  i n d e p e n d e n t  o f  u p s t r e a m  Mach number a n d  g e n -  
e r a l l y  i n c r e a s e  w i t h  i n c r e a s e d  s t a g n a t i o n  p r e s s u r e .  The maximum 
d e v i a t i o n  o f  a b o u t  0 . 4  p e r c e n t  i s  e q u i v a l e n t  t o  a d i f f e r e n c e  i n  
u p s t r e a m  Mach number of  0 . 0 0 7  o r  t o  u s i n g  a d i f f e r e n t  i d e a l  gas  
h a v i n g  a y = 1 . 4 0 6 .  

The real-gas e f f e c t s  on  t h e  t o t a l - d e n s i t y  r a t i o s  ac ross  n o r -  
mal s h o c k s  a r e  shown i n  f i g u r e s  39 and  40 .  A g a i n ,  t h e  d e v i a t i o n s  
of t h e  t o t a l - d e n s i t y  r a t i o  a r e  g r e a t e r  a t  a m b i e n t  t e m p e r a t u r e s  
t h a n  a t  c r y o g e n i c  t e m p e r a t u r e s ,  b u t  t h e  maximum d e v i a t i o n  i s  o n l y  
a b o u t  0 .4  p e r c e n t .  

M 1  = 2 . 0 ,  a n d  n e a r  s a t u r a -  

Downstream Mach number M 2 . -  The r e a l - g a s  e f f e c t s  on  t h i s  
parameter a re  s o  small t h a t  o n l y  o n e  c u r v e  i s  p r e s e n t e d  i n  f i g -  
u r e  41 t o  i l l u s t r a t e  t h i s  f a c t .  F o r  10 atm a n d  a n  u p s t r e a m  Mach 
number o f  2 . 0 ,  t h e  d e v i a t i o n  t h r o u g h o u t  t h e  s t a g n a t i o n - t e m p e r a t u r e  
r a n g e  i s  no  g r e a t e r  t h a n  a b o u t  0 . 0 6  p e r c e n t .  

d e v i a t i o n s  of t h e  v a r i o u s  n o r m a l - s h o c k  parameters f o r  5- and  
10-atm s t a g n a t i o n  p r e s s u r e :  

Summary.- The f o l l o w i n g  t a b l e  g i v e s  a summary of  t h e  maximum 
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Normal s h o c k  
p a r a m e t e r s  

P t , 2 / P t , l  
Tt ,  2 4 , l  

Maximum d e v i a t i o n  i n  p e r c e n t  a t  - 1 
P t , l  = 5 atm I p t , l  = 1 0  atm I -0.4 -0.7 

-0 .4  
-0 .2  

0 . 1  
-0 .9  

0 . 2  
0 . 0  

-0.5 

-0.5 

0 . 2  
- 1 . 4  

0 . 4  
-0.1 

S u p e r s o n i c  Stream Tube Wi th  Normal S h o c k s  

The m a g n i t u d e s  of  t h e  r e a l - g a s  e f f e c t s  o f  c r y o g e n i c  n i t r o -  
gen  on t h e  v a r i o u s  n o r m a l - s h o c k  p a r a m e t e r s  a r e  summar ized  i n  t h e  
p r e c e d i n g  s e c t i o n ,  b u t  a c l e a r e r  p i c t u r e  o f  t h e s e  e f f e c t s  may b e  

o b t a i n e d  by e x a m i n i n g  t h e  f l o w  i n  a s u p e r s o n i c  stream t u b e  w h e r e  
n o r m a l  s h o c k s  a r e  as sumed  t o  o c c u r .  The e f f e c t i v e  a rea  d i s t r i -  

b u t i o n  o f  t h e  stream t u b e  c h o s e n  f o r  a n a l y s i s  i s  shown i n  f i g -  
u r e  42. The f low i s  as sumed  t o  be  o n e - d i m e n s i o n a l  a n d  t h e  s o l u -  
t i o n  t o  t h e  f l o w  p r o p e r t i e s  a l o n g  t h e  stream t u b e  i s  a c o m b i n a t i o n  
of t h e  i s e n t r o p i c  s o l u t i o n s  a n d  t h e  n o r m a l - s h o c k  s o l u t i o n s  w h i c h  
h a v e  been  o u t l i n e d  p r e v i o u s l y .  F o r  t h e  s h o c k - f r e e  c a s e ,  t h e  e x i t  
Mach number of t h i s  stream t u b e  i s  a b o u t  2 . 0 .  

The p r o c e d u r e  i s  t o  c h o o s e  a s h o c k  l o c a t i o n  i n  t h e  stream 
t u b e  and  t h e n  t o  make t h e  f l o w  s o l u t i o n s  f o r  b o t h  t h e  n i t r o g e n  
a n d  i d e a l - g a s  cases .  The s h o c k  l o c a t i o n  c h o s e n  f o r  i l l u s t r a t i o n  
p u r p o s e s  is  t h e  p o i n t  a t  wh ich  t h e  u p s t r e a m  Mach number f o r  
n i t r o g e n  i s  1 .7 .  The d i f f e r e n c e  i n  t h e  f l o w  p r o p e r t i e s  a l o n g  
t h e  stream t u b e  f o r  t h e  two c a s e s  i s  t h e n  t a k e n  t o  be  a n  i n d i c a -  
t i o n  of t h e  r e a l - g a s  e f f e c t s .  

s o  t h a t  t h e  e f f e c t s  of s t a g n a t i o n  t e m p e r a t u r e  a t  8-atm p r e s s u r e  
and  t h e  e f f e c t  of  s t a g n a t i o n  p r e s s u r e  a t  a t e m p e r a t u r e  o f  150 K 
c a n  be d e t e r m i n e d .  Flow s o l u t i o n s  f o r  t h e  stream t u b e  w i t h  n o  

Two s e t s  of s t a g n a t i o n  c o n d i t i o n s  a r e  c h o s e n  f o r  a n a l y s i s  

23 



shocks  a re  a l s o  i n c l u d e d  i n  t h i s  a n a l y s i s .  The f o l l o w i n g  summary 
l i s ts  t h e  f i g u r e s  which  i l l u s t r a t e  t h e  d e v i a t i o n s  o f  e a c h  of  t h e  
s t r e a m - t u b e  parameters from t h e  i d e a l  v a l u e :  

F i g u r e s  

S t a t i c  p r e s s u r e  . . . . . . . . .  4 3  t o  44 
S t a t i c  t e m p e r a t u r e  . . . . . . .  4 5  t o  46 
S t a t i c  d e n s i t y  . . . . . . . . .  47 t o  48 
Mach number . . . . . . . . . . .  49 t o  50 

Parameter: 

Each of t hese  f i g u r e s  shows  t h e  d e v i a t i o n s  i n  t h e  i s e n t r o p i c  f l o w  
s o l u t i o n s  ( s h o c k - f r e e  s o l u t i o n s ) ,  t h e  d e v i a t i o n s  i n  t h e  r a t i o s  
across  t h e  shock  ( l e n g t h  of  t h e  v e r t i c a l  l i n e  a t  t h e  shock loca-  
t i o n ) ,  a n d  t h e  d e v i a t i o n s  i n  t h e  v a l u e  of  t h e  p a r a m e t e r ) d o w n -  
stream o f  t h e  s h o c k .  

The s t a t i c  p r e s s u r e s  i n  t h e  stream t u b e  f o r  t h e  shock- f r ee  
case a re  g e n e r a l l y  h i g h e r  f o r  n i t r o g e n  t h a n  f o r  t h e  i d e a l  g a s .  
However ,  t h e  maximum d e v i a t i o n  wh ich  o c c u r s  a t  t h e  h i g h e s t  s t ag -  
n a t i o n  p r e s s u r e  a n d  l o w e s t  s t a g n a t i o n  t e m p e r a t u r e  i s  o n l y  a b o u t  
0 .8  p e r c e n t .  Fo r  these  same s t a g n a t i o n  c o n d i t i o n s ,  t h e  p r e s s u r e  
r a t i o  across  t h e  shock  i s  l o w e r  t h a n  t h e  i d e a l  v a l u e  by a b o u t  t h e  
same p e r c e n t a g e .  T h i s  c o m b i n a t i o n  of  r e s u l t s  c a u s e s  t h e  p r e s s u r e s  
downs t r eam o f  t h e  s h o c k  t o  b e  a l m o s t  i d e n t i c a l  t o  t h o s e  f o r  t h e  
ideal-gas  case ( w i t h i n  0 .1  p e r c e n t ) .  The l a c k  of  a p p r e c i a b l e  
s h o c k  movement f o r  t h i s  w i d e  r a n g e  o f  c o n d i t i o n s  s h o u l d  a l s o  be 
n o t e d  i n  f i g u r e s  43 and  44. The n o m i n a l  shock  p o s i t i o n  i s  a t  a n  
x / c  of 0.345.  Computed r e s u l t s  i n d i c a t e  movement t o  be l e s s  
t h a n  0.8 p e r c e n t .  

The s t a t i c  t e m p e r a t u r e s  i n  t h e  stream t u b e  f o r  t h e  s h o c k - f r e e  
case a re  a l w a y s  lower f o r  n i t r o g e n  t h a n  f o r  t h e  i d e a l  gas .  The 
d e v i a t i o n  of t h e  t e m p e r a t u r e  reaches a b o u t  1 . 0  p e r c e n t  a t  t h e  
s t r e a m - t u b e  e x i t  a n d  a t  h i g h  s t a g n a t i o n  p r e s s u r e s  a n d  low s t a g n a -  
t i o n  t e m p e r a t u r e s .  The  t e m p e r a t u r e  r a t i o s  a c r o s s  t h e  s h o c k  a r e  
a b o u t  t h e  same f o r  n i t r o g e n  as f o r  t h e  i d e a l  gas ( r e l a t i v e l y  s h o r t  
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v e r t i c a l  l i n e s  a t  s h o c k  l o c a t i o n ) .  C o n s e q u e n t l y ,  t h e  d e v i a t i o n s  
of  t h e  t e m p e r a t u r e s  d o w n s t r e a m  o f  t h e  s h o c k  a r e  a b o u t  t h e  same mag- 
n i t u d e  as f o r  t h e  shock-free case ( a b o u t  1 . 0  p e r c e n t ) .  

t h e  stream t u b e  a re  c o n s i d e r a b l y  smaller  t h a n  t h o s e  f o r  s t a t i c  
p r e s s u r e  a n d  t e m p e r a t u r e  a n d ,  as  a r e s u l t ,  a r e  p r e s e n t e d  w i t h o u t  
comment.  

The d e v i a t i o n s  i n  t h e  s t a t i c  d e n s i t i e s  a n d  Mach n u m b e r s  a l o n g  

C O N C L U D I N G  R E M A R K S  

R e a l - g a s  c a l c u l a t i o n s  of o n e - d i m e n s i o n a l  i s e n t r o p i c  a n d  
n o r m a l - s h o c k  f l o w s  of n i t r o g e n  g a s  a r e  p r e s e n t e d .  The s o l u t i o n s  
are  compared  w i t h  t h e  c o r r e s p o n d i n g  i d e a l  d i a t o m i c  g a s  s o l u t i o n s ;  
t a b l e s  o f  t h e  c o m p a r a t i v e  s o l u t i o n s  a r e  p r e s e n t e d  f o r  a w i d e  r a n g e  
of s t a g n a t i o n  t e m p e r a t u r e s  a n d  p r e s s u r e s .  To o b t a i n  a n  i n d i c a t i o n  
o f  t h e  p o s s i b l e  e r ro r s  i n  i n v i s c i d  f l o w  s i m u l a t i o n  i n  a t r a n s o n i c  
c r y o g e n i c  t u n n e l ,  a n  a n a l y s i s  of t h e s e  s o l u t i o n s  i s  made f o r  
r a n g e s  o f  t e m p e r a t u r e  ( 3 0 0  K t o  l i q u e f a c t i o n ) ,  p r e s s u r e  ( 1  t o  
10 a tm) ,  a n d  Mach number ( u p  t o  2 . 0 ) .  These r a n g e s  e n c o m p a s s  t h o s e  
c o n d i t i o n s  c u r r e n t l y  b e i n g  c o n s i d e r e d  i n  c r y o g e n i c  t u n n e l  d e s i g n s .  
F o r  t h e  r a n g e  o f  c o n d i t i o n s  c o n s i d e r e d ,  t h i s  a n a l y s i s  l e a d s  t o  t h e  
f o l l o w i n g  c o n c l u s i o n s :  

1 .  The  d e v i a t i o n s  i n  t h e  i s e n t r o p i c  a n d  n o r m a l - s h o c k  pa rame-  
t e r s  c a u s e d  by t h e  r e a l - g a s  c h a r a c t e r i s t i c s  o f  n i t r o g e n  a r e  smal l  
( a b o u t  1 . 0  p e r c e n t  o r  l e s s ) .  E r r o r s  i n  c r y o g e n i c - t u n n e l  f l o w  
s i m u l a t i o n  of  t h i s  m a g n i t u d e  would  b e  i n s i g n i f i c a n t  f o r  m o s t  wind-  
t u n n e l  i n v e s t i g a t i o n s .  

2 .  The  d e v i a t i o n s  o f  n i t r o g e n  from idea l -gas  b e h a v i o r  (com- 
p r e s s i b i l i t y  f a c t o r  n o t  e q u a l  t o  1 ,  r a t i o  of s p e c i f i c  hea t s  n o t  
c o n s t a n t )  d o  n o t  c a u s e  n e a r l y  as  much d i f f e r e n c e  i n  i s e n t r o p i c  
a n d  n o r m a l - s h o c k  f l o w  s o l u t i o n s  as m i g h t  b e  a n t i c i p a t e d  from t h e  

e r r o n e o u s  u s e  of  i d e a l  e q u a t i o n s  combined  w i t h  t h e  r e a l  v a l u e s  of  
s p e c i f i c  h e a t  r a t i o s .  The i s e n t r o p i c  e x p a n s i o n  c o e f f i c i e n t s  
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r ema in  v e r y  n e a r  t h e  ideal-gas v a l u e  of 1 . 4 ,  e v e n  t h o u g h  t h e  
s p e c i f i c  h e a t  r a t i o s  are  as  h i g h  as 1.7.  

Lang ley  Research C e n t e r  
N a t i o n a l  A e r o n a u t i c s  a n d  Space A d m i n i s t r a t i o n  
Hampton, V A  23665 
J u l y  16 ,  1976 
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I APPENDIX 

V I S C O S I T Y  OF N I T R O G E N  

To c a l c u l a t e  u n i t  Reyno lds  numbers  f o r  v a r i o u s  c o n d i t i o n s  i n  
t h i s  r e p o r t ,  t h e  v i s c o s i t y  e q u a t i o n  f o r  n i t r o g e n  ( r e f .  1 0 )  was t 

used .  T h i s  e q u a t i o n  i s  

where p is  i n  l o 2  N-sec/m2, T i s  i n  K ,  and  p is  i n  g/cm3. 
The first  term p ( T )  i s  c a l l e d  t h e  d i l u t e  gas c o n t r i b u t i o n  ( i . e . 9  
low d e n s i t i e s )  and  i s  g i v e n  by 

The C c o n s t a n t s  a r e  a s  f o l l o w s :  

C1 = 7.4165322904 x l o 1  

= 3.8530771011 x c3 

C 4  = 8.0133713668 x 

C5 = -8.9203123846 x 

C7 = -5.3779372664 x lo’l3 
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A P P E N D I X  

C g  = -2 .3084044942  x 

The s e c o n d  term A P ( P , T )  i s  c a l l e d  t h e  d e n s e  f l u i d  c o n t r i -  
b u t i o n  a n d ,  as p o i n t e d  o u t  i n  r e f e r e n c e  10,  t h e  t e m p e r a t u r e  
d e p e n d e n c e  o f  t h i s  term i s  e x t r e m e l y  small  f o r  n i t r o g e n  a n d  has  , 

been  n e g l e c t e d .  Therefore,  t h i s  term i s  g i v e n  by t h e  f o l l o w i n g  , 

e x p r e s s i o n :  

7 
A P  (P  , T )  ‘Z  A P  ( P )  = Z D i p i  

i = l  

The  D c o n s t a n t s  a r e  a s  f o l l o w s :  

D 1  = 2 .3083514362  x l o - ’  

D 2  = -9 .3636207171 x 10-1 

D 3  = 9.0339186452 

D 5  = 1 .0897627893  x l o 2  

D6 -1 .2913856376 x I O 2  

D7 = 5 .9782049913  x 10 

The v i s c o s i t i e s  o f  n i t r o g e n  a s  d e t e r m i n e d  from t h i s  e q u a t i o n  
a n d  t h e  e q u a t i o n  of  s t a t e  f o r  n i t r o g e n  ( r e f .  5 )  a r e  p r e s e n t e d  i n  
f i g u r e  51 a s  a f u n c t i o n  o f  t e m p e r a t u r e  a n d  p r e s s u r e  ( 1  t o  10 a tm).  
A t  t e m p e r a t u r e s  n e a r  s a t u r a t i o n ,  i n c r e a s i n g  t h e  p ressure  t o  10 atm 
i n c r e a s e s  t h e  v i s c o s i t y  by a b o u t  10 p e r c e n t  o v e r  t h e  v a l u e  a t  
1 atm. T h i s  v i s c o s i t y  e q u a t i o n  i s  b e l i e v e d  t o  p r e d i c t  v a l u e s  
w i t h i n  a b o u t  _+2 p e r c e n t  i n  t h i s  pressure and temperature r a n g e .  
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A P P E N D I X  

It s h o u l d  b e  n o t e d  t h a t  f o r  a gas t o  s i m u l a t e  t h e  v i s c o u s  
c h a r a c t e r i s t i c s  o f  a i r  a t  n e a r - a m b i e n t  t e m p e r a t u r e  c o n d i t i o n s  
a d e q u a t e l y ,  t h e  s l o p e  o f  t h e  v i s c o s i t y - t e m p e r a t u r e  c u r v e  a t  a 
g i v e n  t e m p e r a t u r e  m u s t  be s i m i l a r  t o  t h e  s l o p e  f o r  a i r  a t  a m b i e n t  
t e m p e r a t u r e s .  F o r  c o m p a r i s o n  p u r p o s e s ,  t h e  v i s c o s i t y  c u r v e  f o r  
a i r  ( S u t h e r l a n d  f o r m u l a ,  r e f .  9 )  i s  a l s o  p r e s e n t e d  i n  f i g u r e  51. 
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  as  p r e s s u r e  i s  i n c r e a s e d  a t  c r y o -  
g e n i c  t e m p e r a t u r e s ,  t h e  s l o p e  o f  t h e  v i s c o s i t y - t e m p e r a t u r e  c u r v e  
f o r  n i t r o g e n  becomes e v e n  more l i k e  t h a t  f o r  a i r  a t  a m b i e n t  
t e m p e r a t u r e s .  
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TABLE K E Y  

T h i s  t a b l e  i s  s u b d i v i d e d  f o r  v a r i o u s  v a l u e s  o f  s t a g n a t i o n  
t e m p e r a t u r e .  

[Letter s u b d i v i s i o n l A  I B 

T t ,  K I 
Each p a g e  o f  t h e  s u b d i v i s i o n  c o r r e s p o n d s  t o  a p a r t i c u l a r  
s t a g n a t i o n  p r e s s u r e .  I n  a d d i t i o n  t o  t h e  i s e n t r o p i c  f l o w  
parameters a n d  t h e i r  v a l u e s  r e l a t i v e  t o  t h e  i d e a l  d i a t o m i c  
gas v a l u e s ,  v a r i o u s  o t h e r  gas p r o p e r t i e s  a r e  a l s o  g i v e n .  

ATM 

A / A *  

DT ' 

D / D T  

GAMMA 

KGM/M3 

PT 

P/PT 

MACH 

TABLE NOMENCLATURE 

1 a tmosphere  ( 1  atm = 101 .32  k N / m 2 )  

s t r e a m - t u b e  a r ea  r a t i o  ( A * ,  a rea  w h e r e  M = 1 .0 )  

s t a g n a t i o n  d e n s i t y  

r a t i o  of s t a t i c  d e n s i t y  t o  s t a g n a t i o n  d e n s i t y  

r a t i o  o f  s p e c i f i c  h e a t s ,  cP - 
c V  

k i l o g r a m  p e r  c u b i c  meter 

s t a g n a t i o n  p r e s s u r e  

r a t i o  o f  s t a t i c  p r e s s u r e  t o  s t a g n a t i o n  p r e s s u r e  

Mach number 

I 

3 1  



R E Y  /M R e y n o l d s  number pe r  meter ( v i s c o s i t y  e q u a t i o n ,  
a p p e n d i x )  

TT s t a g n a t i o n  t e m p e r a t u r e  

T/TT r a t i o  o f  s t a t i c  t e m p e r a t u r e  t o  s t a g n a t i o n  t e m p e r a t u r e  

w 

2 

s p e e d  of  s o u n d  

c o m p r e s s i b i l i t y  f a c t o r  
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TABLE I .  REAL-GAS ISENTROPIC E X P A N S I O N S  O F  N I T R O G E N  

MACH 

0.000 
e050  
. loo 
-150 . 200 
.250 
m300 
,350 
-400 
-450 
,500 
e550 
,600 
0650 
-700 
-750 
.eo0 

850 
e900 
0950 

1 .ooo 
1.050 
1.100 
1.150 

REY/M 

0.  
6.000Et06 
I 196Et07 
1.786Et07 
2.365E t 0 7  
2 929 E t 0 7  
3.477E t07  
4 005E t o 7  
40511Et07 
4.991 E t 0 7  
5.445E t 0 7  
5.870Et07 
6.265E t 0 7  
6.630E t o 7  
6.963E t i l7  
7 263Et07 
7.531 E +07 
7 767 E t 0 7  
7.970Et07 
8 . 142 E tu7 
8.284€+07 
80395EtO7 

8.531Ew7 
8.477Et07 

2 

e9728 
.9728 
-9729 
-9729 
-9730 
-9730 
,9731 
.9732 
.9733 
.9735 
-9736 
.9737 
.9739 
-9741 
.9743 
.9744 
-9746 
,9748 
-975 1 
09753 
.975 5 
09757 
.9759 
.9762 

A.  

GAMMA 

1 e4354 
1.4354 
1.4353 
1.4353 

1.4351 

1.4347 

1.4343 
1.4341 

1.4336 

1.4330 
1.4327 
1.4324 
1.4320 

1.4352 

1.4349 

1.4345 

1 a4338 

1 e4333 

1.4317 
1.4314 

1.4307 
1.4304 

1.4311 

1.4301 

TT = 90 K PT = 1 ATM D T  3.899 KGM/M3 

W 
M / S E C  

190.42 
190.38 
L90.24 
190.00 
189 -67 
189.25 
188.75 
188.15 
187.47 
186.71 
185.07 
184.96 
183.98 
182.92 
181.81 
180.63 
173.40 
178.11 
176.78 
175.40 
173.99 

171.05 
172.54 

169.54 

P / P T  

1 .0000 
.S9d3 
e9931 
.5845 
-9726 
.9577 

-9192 
8961 

-8707 
.a435 
e8147 
.7846 
,7935 

7217 
-6894 
-6568  

.939a 

e6244 
-5921  

5603 
5292 

.49 87 
-4692 
a4401 

T / T T  

1.0000 
e9995 
.9980 
.9955 
e9920 
-9876 

.9760 
-9689 
-9609 

-9427 
-9326 
-9218 

9104 
.e985 
-8861 
.e733 
e8601 
-8466 
.a328 
81  87 

.e045 
7902 

-9822 

-9522 

D/DT 

I .  0000 
.9988 
.9950 
.9889 
-9803 
,9695 
-9565 
.9414 
.9244 
.9055 

8852 
- 8 6  34 
.a404 
-8164 

1915 
7660 

.7399 

.7135 

.6869 
-6603 
-6337 

6074 
.5814 . 5558 

A/A* 

I 
11.5976 

5.8249 
3 -9122 
2.9649 
2 -403 7 

1.7785 
1.5905 
1.4492 

2.0358 

1.3403 
1.2553 

1.1358 
1.1885 

1.0945 
1.0625 
1.0383 
1.0207 
1 .JOB9 
1.0022 
1 .oouo 
1.0020 
1.0079 
1.0175 

W P / P T  T /  TT D/QT A/A* ------- RELATIVE TO IDEAL GAS VALUES------- 

.9847 

.9847 

.9 847 

.9847 

.9848 

.9848 

.9848 

.9843 
,9849 
.9849 
.9850 
,9850 
-9851 
e9851 
,9852 
.9853 
.9854 
.9854 
.9855 
e9856 
.9857 
.9858 
-9859 

.?a47 

1. ooou 
1. 0300 
1.03u0 
l.i)131 
l . tJOO1 
1.0002 
1.0U03 
1.0004 
1.0005 
1. 0005 
1.000b 
l.OdU7 
1.OJ38 
I .  0009 
1.0310 
1.0511 
1.0J13 
1 0914 
1.0315 
1 0016 
1.0017 
1.0918 
1.0018 
1.0019 

1.0000 
1.0000 
1.0000 
1. JU0d 
1.0000 

.9999 
.9999 
.9999 
.9999 
.9998 
-9998 
.9998 
e9997 
.99 97 
.9996 
.9996 
.9995 
.9995 
.99 94 
.9994 
.9993 
.9993 
.9992 

9991 

1.0000 
1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.OOU1 
1.0002 
1.0000 
1.0000 
1.0000 
1.9000 
1 .0000 

.9999 

.9999 
-9999 
.9998 
.9998 
.9997 
,9996 
-9996 
.9995 
-9993 

i 
1.0005 
1 00115 
1.3305 
1.0004 1 0004 

1 0004 
1.0303 
1.0002 
1 0004 
1.0003 
1 0003 
1.J002 
1.0002 
1.0002 
1.0001 
1.0001 
1.0000 
1.0000 
1.0000 
1. 0000 
1 .0000 
1.0000 
1.0000 

W 
W 



W 
& 

MACH 

0.000 
.os0 
. loo 
0150 
.zoo 
0250 
-300 
-350 
0400 
.450 
.so0 
0550 
600 

0650 
0700 
,750 
.EO0 
-850 
-900 
e950 

1.090 
I. e050 
1.100 
1 e150 
1.200 
1.250 
1.300 
1.350 
1.400 

. 1.450 
1 .so0 
1.550 

REY/M 

0. 
5.137EtOb 
1.024Et07 
10529Et07 
2.025E to7 
2 508 E *07 
2.9786t07 
3 0433 E t07 
3.862E to7  

4.663Et07 
5.028Et07 
5.368Et07 

4 . 2 7 ~  to7 

5.68 1 E t 07 
5 . 9 6 a ~ m  
6 227E *07 
60459Et07 
6.665Et07 

6.995€*07 
7.122Et07 
7.224EtO7 
7.302E t07 
7.357Et07 
7 8 390 E+O7 
7 402 Et07 
7.395E *07 
7.369Et07 
7.325€*07 
7.265Et07 
7.190EtOI 
7.103E t07 

6.843E t07 

2 

.9801 
-9802 
-9802 
09802 
e9802 
09803 
-9803 
.9804 
e9805 
-9806 

,9808 
a9809 
e9811 
09812 
e9813 
09815 
e9817 
-9818 
-9820 
-9823 
09823 
-9825 
-9827 
09828 
-9830 
-9832 
09834 
e9836 
09837 
09839 
09841 

-9807 

TAbLE 1. REAL-GAS I S E N T R O P I C  EXPANSIONS OF NITROGEN 

8. T f  = 100 K PT 

GAMMA 

1.4261 

1.4261 
1 o 4 2 t  1 

1.4260 
1.4259 
1.4258 
1.4257 
1.4256 
1.4254 
1.4252 
1 e4250 
1.4248 
1 e4246 
1 4244 
1.4241 
1.4239 
1.4236 
1.4233 
1.4231 
1.4228 

1.4223 
1.4225 

1.4220 
1.4217 
1.4214 
1.4212 
1.4209 
1 A 2 0 7  
1.4204 
1.4202 
1.4200 
104197 

W 
M/SEC 

201.61 
201 56 
201.41 
201.16 
200.81 
200.37 
199.83 
199.20 
198 -47  
197.66 
196.77 
195.8J 
194.75 
193.63 
132.44 
191.19 
199.88 
188.51 

185.64 
184.13 
182.59 
181.01 
179.40 
177 a77 
176.11 
174.44 
172.75 
171.04 
169.33 
1 6 7 . t l  
165.88 

187.10 

P / P T  

1.0000 
.9983 

9931 
.9845 
e9726 

9576 
.9397 
-9191 
.E958 
.87C5 
.E433 
.8145 
.7844 
.7533 
07214 
,6891 
-6566 
e6241 

5601 
e5289 
.49 e5 

4690 
.44 04 
04130 
e3866 
3614 

.3375 
3147 

e2932 
e2728 
-2536 

.5919 

= 1 ATM OT = 3.483 KGM/M3 

T / T T  

1 .u000 
.9995 

9980 
.9955 
-9920 
-9876 
-9822 
09760 
-9689 
89609 
-9522 
-9427 
-9326 
-9218 
-9104 
.E985 
-8863 
.e733 

8601 
.8466 

.E187 
e8328 

e8045 
a7901 
07757 
.7612 
8 7466 
e7321 

-7031 

6746 

.7176 

.6888 

D/ DT 

1.3300 
.9988 
.9950 

,9803 
-9695 

9414 

,9055 
8852 
8634 
8405 

-8164 
7916 
7660 

e 7400 
-7136 
06870 

6604 
6338 

,6075 
a5815 
-5560 

5309 
,5064 
4826 

.45 95 
43 71 
4154 
3946 

.3745 

.95 65 

.9243 

A/ A* 

I 
11.5945 

5 .E233 
3.9112 
2.9641 
2.4031 
2.0353 
1.7781 
1.5906 
1.4491 
1 e3402 
1 e2552  
1.1885 
1 e1358 
1 e0946 
1 e0626 
1.0384 
1.0208 
1.0090 
1.0022 
1.0001 
1.0021 
1.0080 
1.0175 
1.0305 
1 a0469 
1.0665 
1 a0892 
1.1152 
1.1443 
1.1766 
1.2121 

W P / P T  1/11 D/DT A/A* ------- R E L A T I V E  TO IDEAL GAS VALUES------- 

09891 
-9891 

9891 

,9891 
9891 

-9891 

.9891 

.9891 

.98Y1 

.9a9i  
-9892 
-9892 
-9892.  
-9892 
.9893 
e9893 
.9893 
.9894 
09894 
09895 

9895 
e9896 
e9896 
.9897 
.9897 
.9898 
09899 
.9899 
.991)0 
.9900 
m9901 

9902 

1.0000 
1 .0000 
1;0000 
1.0001 
1.0001 
l.OiJ02 
1.0002 
1 0003 
1.0002 
1.0003 
1.0003 
10U004 
1 0005 

1 e0006 
1 0007 
1.0008 
1.0009 
1.0009 
1.0010 
1.0011 
1.OJl1 
1.0012 
1.0012 
1.0013 
1.0313 
1.0013 
1. 0013 
1.0013 
1.0013 
1 0013 
l*Oi) l3  

1.0305 

1.0000 
1.0030 1.0000 

1.0000 
1.0000 

.9999 

.9999 

.9999 

.9999 
09998 
.9998 
e9997 
.9997 
-9996 
e9996 
.99 95 
.9995 
.9994 
09994 
89993 
.9993 
09992 
e9992 

9991 
-3990 

9990 
89989 
.9989 
09988 
.9988 
09987 

99 86 

1.0000 
1.0000 
1.0000 
1 .oooo 
1.0001 
1 . O O O l  
1.0001 
1.0002 1 .oooo 

1.0000 
1.0000 
1 . 0000 
1 .oooo 
1.0000 
1 .oooo 

.9999 
.9999 
.9999 
.9998 
09998 
.9998 . 9 997 
e9996 

9996 
.9995 
.9994 
09993 
-9992 
09991 
.9989 
09988 
-9986 

i 
1.0003 
1.0002 
i .0002 
1.0002 
1.0002 
1.0001 
1.0001 1.0002 

1.0002 
1.0002 
1.0002 
1.0002 
1. do01 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1 0004 
1.0004 
1 0005 



MACH 

0.000 
e050 
,100 
-150 
.200 
250 

-300 
0350 

0450 
e 5  00 
0550 
-600 
8650 
0700 
-750 
.a00 
-850 
-900 
,950 

1.000 
1.050 

.400 

R E Y / M  

0. 
1.536EtO7 
3 -063 E+07 
4.572Et07 
6.054Et07 
7.501 E t07  
80907Et07 
1 026Et08 
1.156Et08 
10280Et08 
1.397Et08 
10507Et08 
1 -609Et08 
1 e704E to8 
1.791 E t08  
1.869€+08 
1.940Et08 
2 003E to8 

2.104€*08 
2.144E to8  
2.175E+08 

2.0sa~ to8 

2 

m9381 
-9381 

9382 
.9383 
.9384 
.9385 
.9387 
.9389 
-9391 
09394 
.9397 

9400 
a9404 
.940 8 
-9412 
.9416 
9420 

-9425 
09430 
.9434 
09439 
.9445 

TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

8. T T  LOO K PT = 3 A T M  01 = 10.918 KGM/M3 CONCLUDED 

GAMMA 

1.4892 
1 4092 
1.4891 
1.4889 
1.4886 
1 a 4 8 8 3  
1.4879 
1.4874 
1.4869 
1.4863 
1.4856 
1.4849 
1 a4842 

1 a4826 

1.4808 
1.4799 
1.4790 
1.4781 
1.4771 
1.4762 

1.4834 

1.4817 

w 
~ S E C  

196.86 

196. 66 
196.42 

196.81 

146.08 
195.65 
195.12 
194.51 
193.80 
193.02 

191.21 

189.11 

192.15 

190.19 

187.96 
186.75 
185.48 
184.16 
182.79 
181 a38 
179.93 
178.44 

P / P T  

1.0000 
.9983 
9931 

-9846 . S727 
.9577 
.5399 
e9193 
8963 
8711 

.a439 
8152 

.7852 
1541 

e7224 

,6577 

e5931 
m5613 
5301 

.4997 

.6901 

.6252 

T / T T  

1.0000 
.9995 
9980 

.9955 
09920 
-9875 
e9821 
.9758 
-9686 
a9606 

-9422 
e9320 
09211 
-9097 
.E977 
-8852 
-8724 
-8591 
.e455 
08316 
e8175 

-9518 

O/OT 

1.0000 
-9988 

9951 
,9890 
09803 

9695 
9564 

-9414 
-9244 

.E852 

-8404 

9056 

8634 

8164 
-7915 
-7659 
,7398 

7134 
-6868 
6601 
6335 
6072 

A / A *  

I 
11.5984 

5 .8250  
3.9121 
2.9651 
2.4039 
2.0360 
1.7787 
1.5937 
1.449 1 
1.3405 
1.2555 

1.1360 
1 e0947 
1.0627 
1.0384 
1.0208 
1.0090 
1.0022 
1.0001 
1.0021 

i . i ea7  

W P / P T  T /  TT O / D T  A / & *  ----_-_ RELATIVE TO IOEAL GAS VALUES----- 

-9658 
-9658 
09658 

9658 
-9658 

9658 
-9658 

9658 
-9659 

96 59 
9659 

e9660 

09661 

09663 
-9664 
,9665 

9666 
,9668 
-9669 
e9671 

.96 60 

-9662 

1. 0000 
1.0000 
1.ouo1 
1.0002 
1.0002 
1 UJ03 
1.0004 
l.OJO6 
1. :JJO8 
1.0i)lO 
1.0010 
1.0012 
1.0015 
1.0017 
1.0319 
l.OJ22 
1 0024 
1.9027 
1.0029 
1 0932 
1 0334 
1.0036 

1.0000 
1.0000 
1 .0000 

99 99 
.9999 
.9998 
09998 
.99 97 
.9996 
.s995 
.9994 
.99 92 
-9991 
-9990 
.9988 
09987 
.9985 
.9984 
-99 82 
-9981 
.9979 
,9978 

1 .oooo 
1.0000 
1.0001 
1.0001 1.0000 

1 .oooo 
1.3001 
1.0001 
L.0001 
1.0001 
1.0000 
1 .0000 

.9999 
09999 
.9999 
09998 
,9998 
09997 
.9996 
.9995 
.9993 
a9991 

i 
1.0006 
1 0005 
1.0004 
1.0005 
1.0005 
1.0005 
1 0004 
1.0004 
1 0003 
1.0004 
1 0004 
1 0003 
1.0003 
1 0003 
1.0002 
1.0002 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 

w 
ul 



TABLE I .  REAL-GAS I S E N T R O P I C  EXPANSIONS O F  NITROGEN 

MACH 

0.000 
,050 
. lo0  
.L50 
.zoo 
-250 
-300 
-350 
-400 
,450 
-503 
-550 
.600 
-650 
-700 
.750 
.BOO 
.e50 
-900 
950 

1.000 
1.059 
1.100 
1.150 
1.200 
1 e250 
1.300 
1.350 
1 m400 
1.450 
1.500 
1.550 
1.600 
1 e650 
1.700 
1.750 
1 .BOO 
1.851) 

R E Y / M  

0. 
4.464Et06 
8.902 E t06 
1.327Et37 

2.587Et07 
2.980EtO7 
3.356Et07 
3 -7 13E +07 

1.759Et07 
2.177E t07 

4.051 EtJ7 
4.368 E to7 
4.663Et07 
4.936Et07 
5.185Et07 
5.411 Et07 
5.61 3 Et07 
5.792E t07 
5.94dEt07 
6.082Et07 
6.194Et07 
6.285Et07 

6.407Et57 
6.44JE to7 
6.4566 t07 
6 -455 E +07 
6.438Et07 
6 40d E t07 
6.363Et07 
6.307Et07 
6 23 9E t07 

6.070EtO7 

5 866E t07 
5.752Et07 
5.631 Et07 

6 356E t 07 

6.159EtJ7 

5.972E to7 

i 

,9850 
-9850 
.9850 
-9851 
985 1 
.)E51 
e9852 
-9852 
.9853 
.9854 
.9854 
.9855 
.3856 
,9857 
.9858 
.9859 
-9860 
-9862 
-9863 
.9864 

.9867 
-9868 
.9869 
a9871 
-9872 
.9874 
.9875 
.9876 
e9878 
.9879 
-9881 
. 4882  
.9883 
-3885 
-9886 
.9887 
.9888 

-9865 

C. TT = 110 K PT 

GAMMA 

1.4201 
1.4201 
1.4201 
1.4203 
1.4200 
1.0199 

1.4197 

1.4194 

1.4190 
1.4189 
1.4187 
1.4185 
1.4182 
1.4180 

1.41’16 

1.4171 

1.4199 

1.4195 

1.4192 

1.4178 

1.4173 

1.4169 
1 e4167 
1.4164 
1.4162 
1.4160 
1.4157 
1.4155 
1.4153 
1.4151 
1.4149 
1.4147 
1.4145 

1.4142 
1.4140 

1.4143 

1.4138 
1.4137 

W 
M/SEC 

212.08 
212.02 
211.87 
211.60 

210.76 
211 a 2 3  

210.19 
209.52 
208.76 

206.97 
205 -94 

203 -65 
202.45 
201.08 
199.69 
198.25 
196.76 
195.21 
193.63 
192.00 
190.34 
188.64 
186 -92 
185.17 

181.62 
179.83 
178.02 

207.91 

204. e3 

183.41 

176.21 
174.39 
172.58 
170.76 
168.94 
167.13 
165.33 
163.54 

P / P T  

1. 000J 
.9983 
,9931 
,9845 
97 26 
.5576 
.9397 
.9190 
.a957 . d704 
.e432 
.8 144 
-7842 
-7531 

-6889 
.6564 
e6239 
-5917 
.5599 
.5287 
.4983 
-4688 
-4403 
. 4128  

-7212 

.3e65 
-3613 
.3373 
3146 
e2930 
2727 
e2535 
~2355 
a 2 1 8 6  
. 2 0 2 8  
. l a 8 0  
1742 
e1613 

= 1 ATW 01 = 3.151 KGH/M3 

1/11 

1 .0000 
.9995 
e9980 
09955 
.9920 
.9876 
.9822 
-9 760 
-9688 
.9609 
-9522 
.9427 
9326 
-9218 
.9104 
.E985 
.E861 
.a733 
.a601 
.a466 
.e328 

-8045 
.79J2 
,1757 
.7612 
-7466 

.7176 

.7032 

.6746 

.6466 
-6328 

-8187 

-7321 

-6888 

-661)s 

a6192 
e6059 
e5921 

D / D T  

1.0000 
.9988 
-99 50 
9889 
-9803 
-96 95 

.9414 
-9565 

9243 
-9055 . e852 
.a634 . 8405 
7916 

-7661 
.7400 

8165 

-7136 
6870 
.6604 
.6339 
6076 
e5816 
5561 
e5310 
-5066 
-4828 
-4596 
4372 
-4156 
.3947 
.3747 . 35 54 
a3370 
e3194 
3025 
2 864 
-2711 

A/A* 

I 
11.5924 
5 e8222 
3.9205 
2 -9636 
2.4027 
2.0350 
1.7778 
1.5903 
1.4489 
1.3400 
1.2551 
1.1883 
1.1357 
1.0945 
1.0625 
1.0383 
1 e0207 
1.0089 
1.0022 
1 .0000 
1.0021 
1.0080 
1.0175 
1.0305 
1.0468 
1.0664 
1.0892 
1.1151 
1 1442 
1.1764 
1.2119 
1.2507 
1.2928 
1.3383 
1.3873 
1.4399 
1.4963 

Y p/pr  T i l l  D/DT. A / A *  _------ R E L A T I V E  TO I D E A L  G A S  VALUES------- 

-9920 
-9920 
.9920 

-99 20 
-9920 

-9920 
9920 
.99 20 
,9920 
-9920 

9920 

.99 20 

.9920 

.9920 

-9921 

-9921 

-9920 

e9920 

r992iJ 

9921 

9921 

,9921 
-9922 
-9922 
-9922 
.99 23 

-9924 

-99 24 

9923 

99 24 

m9925 
.99 25 
e9926 
9926 
09927 
9927 

9928 
-9927 

1.0000 
1.OUOO 
1.0000 
1.0001 
1.0001 
1.3JO1 
1.0002 
1.3003 
1.0001 
1.0002 
1.0002 
1.0002 
1.0003 
1.0003 

1.0004 
1.0J05 
1 0006 
1.0006 
1 0007 
1.0007 
1.0008 
1.0008 
1.0509 
1.0009 
1.0509 
1.0010 
1.0310 
1. 0010 
1.0010 
1.0010 
1.0010 
1.0009 
1.0009 
1.0009 
1.0008 
1.0507 
1 0007 

l.d’JO4 

1. 0000 
1 .0000 
1.0000 
1.0000 
1 .oooo 
.9999 
.9999 
09999 
.9998 
.9998 
.9998 
.9997 
09997 
-9996 
-9996 
.9995 
.9995 
.99 94 
,9994 
.9993 
.9993 
09992 
9992 
-9991 
-9991 
09990 
.9990 
.99 89 
.99 89 
.9988 
.99 87 
.9987 
a9986 
e9986 . 9985 
.9985 . 9984 
.99 84 

1.0000 
1 .oooo 
.I .oooo 
1.0000 
1.0001 
1.0001 
1.0001 
1.0002 
1 .oooo 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1.0000 
1 1.0000 .oooo 

1 .oooo 
.9999 
.9999 
.9999 
09999 
9998 
09998 
.9997 
09997 
-9996 
-9996 
.9995 
.9994 
.9993 
e9992 
09991 
9990 
09989 
.9987 
9986 
.9984 

i 
1.0001 
1.0001 
1.0000 
1.0000 
1.0000 
1.0000 . 9999 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
I. 0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 1.0001 

1.0002 
1.0002 
1.0002 
1 0003 
1.0003 1.0004 

1 e0005 
1.0006 
1.0006 
1.0007 
1.0000 



TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
-050 
.LOO 
0150 
.200 
e250 
-300 
-350 
-400 
-450 
-500 
-550 

.650 
-700 

-803 
.e50 
-900 
a950 

1 .ooo 
1.050 
1 . loo  
1.150 
1.200 
1.250 
1.300 
1 . 3 5 0  
1.400 
1.450 

600 

e750 

R E Y / Y  

0. 
1.334E407 
2 660E +07 
3.970Et07 
5.257E e07 
6.513€+07 
7.733Et07 
8.909Et57 
1.004E+08 
l . l l l E t 0 8  
1.212€+08 
1*308E+08 
1.396€+08 
1.478€+08 
1 554 E +08 
1.622€+08 
1 .683€+38  
1.738€+08 
1.786Et38 
1.827€+08 
1.861E tJ8 
1.889Et08 
1.911E to8 
1 928 E +08 
1 93 Y E  t 08 
1.944Et08 
1.944E to8 
1.94JEtJ8 
1 932E to8 
1 9 19E +08 

2 

.9539 

.9539 
09540 
-9540 
.9541 
-9542 
,9543 
.9545 
.9547 
.9549 
-9551 
.9553 
-9556 
,9559 
-9562 
.9565 
e9568 
e9572 
.9575 
,9579 
.9583 
.9587 
-959 1 
.9595 
.9599 
09603 
a9607 
e9612 
e9616 
-9620 

C. TT = 

GAMHA 

1.4660 
1.4660 
1.4659 
1.4658 
1.4656 
1.4653 
1.4650 
1.4646 
1.4642 
1.4637 

1.4626 

1.4614 
1.4607 
1.4600 
1.4593 
1.4586 
1.45-78 
1.4571 
1.4563 

1.4548 

1.4533 

1 e4632 

1 m4620 

1.4556 

1.4541 

1.4526 
1 e451 8 

1.4504 
1.4511 

1.4497 

110 K 

d 
M/SEC 

238.50 
208.45 
208.29 
208.03 
207 67 
207.20 
206.64 
205.98 
205 23 
204.39 
203 -46 
202.45 
201 -36 
200.20 
198.97 
197.67 

194.91 
193.45 

19Q. 39 

187.17 
185.52 
183.84 
182.13 
180.41 
178.67 
176.92 
175.16 

156.32 

191.94 

188.80 

P T  = 3 ATM 

P/PT  

1.OJO3 
-9983 
.9931 
-9846 
-9726 
.9576 
.9397 
9191 

-8960 . e7ce 
e8436 
-8149  
.7847 
,7536 
-7218 
-6895 
e6571 
-6246 
.5924 
-5607 
.5295 
.4991 
-4696 
.4411 
-4136 

3872 
,3621 

-3153 
.33 81 

.2937 

T / T T  

1.03JO 
.9995 
-9980 
.9955 
-9920 
e3875 
-9821 
.9758 
-9686 
9636 

.9518 
-9422 
-9320 
-9211 
.9097 
.a977 
8852 

-8724 
8591 

.845 5 

.e316 
81 75 

-8033 
.7889 
-7743 
-7598 

7452 
73 36 

.7160 
-7016 

OT = 9.761 KGM/M3 CONT INUEO 

D / D T  

1.0000 
e9968 
-9951 
-9890 
-9803 
-9695 
-9564 
9414 

- 9  244 
9056 
.8853 
.8636 
-8405 
.8165 

,7660 

-7136 

.6603 
-6338 

e7916 

7400 

6870 

6075 
-5815 
.5559 
,5308 

5063 
48 24 
45 92 

-4368 
-4151 

A/ A* 

I 
11.5923 
5 -8220 
3.9102 
2.9637 
2.4028 
2.0352 
1.7780 

1.4487 
1 e3398 

1.1884 

1.5902 

1.2549 

1.1358 
1.0945 
1.0625 
1.0383 
1.0207 
1.0089 
1.0022 
1 .oooo 
1.0021 
1.0080 
1.0175 
1 e 0  306 
1.0469 
1.0666 
1 9894 
1.1154 
1.1446 

U P / P T  T /TT  Q /QT A/&*  ------- R E L A T I V E  TO IOEAL GAS VALUES------- 

.9753 

.9753 
.9753 

9752 
.9752 
e9752 
e9752 
-9752 

e9752 
9752 

m9752 
9752 

-9752 
-9752 
9.753 

.9753 

.9754 

.9754 

.9755 
9756 

.9757 

.9758 

.9759 
09760 
.9761 
m97b2 

9764 
-9765 

.9752 

.9752 

1.0000 
1.0000 
1.J001 
1.0002 
1.5001 
1.0002 
1.0002 
1 0003 
1.0004 
1 0006 
1.0007 
1.JO09 
1 0009 
1.0310 
1.0012 
1.0013 
1.0015 
1.0017 
1.0019 
1.0021 
1 0023 
1 0024 
1.0026 
1.0028 
1.0029 
1. 0030 
1.0U31 
1.0031 
1 0032 
1 0332 

1.0000 
1.0000 
1 0000 

.9999 

.9999 

.9998 

.9997 

.9997 
e9996 
09995 
.9993 
-9992 
e9991 
09990 
.9988 
09987 
.9985 
.9984 
09982 
-9981 

.9978 
9976 

.9975 

.9973 
09912 

9970 
-9969 
e9967 
09965 

-9979 

1.0000 
1.0000 
1.0001 1.0001 

1.0000 
1 .oooo 
1.0001 
1.0001 
1.0001 
1.0001 
I .  0002 
1.0002 
1 .oooo 
1.0000 
1 .oooo 
1.0000 i.0000 

.9999 
09999 
.9998 
09998 
.9997 
-9996 
.9994 
.9993 
-9991 
9989 

99987 
.9985 
09982 

1 
I .  0000 
1.0000 

.9999 
1.0001 
1. 0001 
1.0001 
1- 0000 
I. 0000 
1.0000 1.0000 

1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0000 1. 0001 

1.0000 
1.0000 
1.0001 
1.0001 
I. 0001 
1.0002 
1 moo03 
1.0003 
I .  000s 
1.0006 



MACH 

0.000 
0050 
.loo 
.150 
,200 
e250 
0300 
.350 
-400 
.450 
0500 
.550 
.600 
.650 
.700 
.750 
.a00 . 850 
.900 
.950 

1 .ooo 
1.050 
1.100 
1.150 
1.200 

REV/M 

0. 
2 -217 E +07 
4 421 E +07 

8.740E +07 
1.083E +08 
1 .286E+08 
1.482€+08 
1.670€*08 
1.849Et08 
2.018E to8  
2 e 1  77E +08 
2.326EtJ8 
2 464E + 08 
2.590E 408 
2.705€+08 
2.808E t o 8  
2 .900€+08 
2.981E +08 
30051Et08 
3.11OE+O8 
30158EtJB 
3.196Et08 
3.225Et08 
3.244E +08 

6.600EW7 

L 

e9210 
09210 
e9210 
,9211 
~9213 

e9216 
-9219 
09222 
e9225 
09228 
,9232 
e9236 
e9240 
9245 
,9250 
e9256 
e9261 
e9267 
09273 
e9280 
,9286 
.Y293 
-9300 
,9306 

.9214 

Ce TT 

TABLE I. REAL-GAS I S E N T R O P I C  EXPANSIONS O f  NITROGEN 

GAMMA 

1.5221 
1.5221 
1.5219 
1.5216 
1.5212 
1.5208 

1.5195 

1.5178 

1 e5202 

1.5187 

1.5169 
1.5159 
1.5148 
1.5136 
1.5124 

1.5099 
1.5085 
1.5072 

1.5112 

1.5058 
1 5044 
1.5030 
1.5016 
1.5002 
1.4988 

110 K 

w 
M /  SEC 

204.70 
204.65 
204.50 
204. 24 
203.88 
203.42 
202.86 
202.21 
201.46 
200.63 
199.72 

197.65 
196.51 
155.30 
194 03 
192.70 
191.32 
189.89 

198.72 

i8e.41 
186.90 
185.35 
183.76 
182.15 
180.51 

PT = 5 ATFI 

P / P T  

1.0000 . 9983 
s9932 . 5845 
.9727 

.9399 
-9192 

.557e 

. a96 2 

.e710 

. a 4 3 3  
-8152 
7852 
-7542 
.7224 
e6902 
.6578 
-6254 
.5933 
56 16 
.5304 
.5001 
-4705 
a4423 
e4145 

T / T T  

1 .oooo 
.9995 
,9980 . 9954 
e9919 
.9874 
.9819 
.9755 
e9683 
-9602 
.9514 
.9418 
9315 
e9205 
.9090 
.8970 
.E844 
,8715 
858 1 . 8445 

.E306 
8164 
.BO21 
07076 
07730 

DT = 16.850 KGM/M3 CONC L UOEO 

D/DT 

1.0000 
.9988 
m9951 . 9889 
-9803 
,9695 
-9565 
m9413 
9243 
e9056 
-8852 
8635 
8406 
-8165 
7917 
-7661 

71 37 
e6871 
6604 
e6339 
6075 
e5814 
.5557 
-5306 

-7401 

A / A *  

I 
11.5922 
5.821d 
3.9104 
2 e9636 
2.4021 
2.0351 
1.7782 
1 5904 
1.4489 
1.3401 
1.2552 
1.1884 
1.1358 
1.0945 
1.0626 
1.0383 
1.0207 
1.0089 
1.0022 
1 .oooo 
1.0020 
1.0081 
1 0177 
1.0308 

w P / P T  1/11 O / O l  A /A*  ------- R E L A T I V E  TO IDEAL GAS VALUES------- 

. 95 75 

.9575 

.9575 

.9575 

.9574 
,9574 
9514 
.95 73 
.9573 
.9573 
.9573 
-9572 
09572 
95 72 
95 72 
.9573 
.95 73 
.9574 
.95 75 
.9575 
,9577 
09578 
.9579 
09581 
e9582 

1. JOOO 
1 .oooo 
1.0001 
1.0001 
1.0002 
1.0003 
1 0005 
1.0005 
1 0006 
1.9008 
1.0010 
1.0012 
1.0015 
1.0018 
1.0021 
1 0024 
1.01)27 
l.OU31 
1.0934 
1 0037 
1.0041 
1 0044 
1.0045 
1.0048 
1.0050 

1.0000 
1.0000 
1. 0000 
09999 
.9998 . 99 97 
9996 
.9994 
.9993 
-9991 
.9989 . 99 87 
.9985 
.9983 
e9981 
.9979 
09976 
.9974 
-9972 
09969 
-9967 
-9964 
9962 

09959 
.9957 

1.0000 
1 .oooo 
1.0001 
1.0000 
1.0001 
1.0001 
1.0002 
1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1 .OOOl 
1.0000 
1.0000 
.9999 
09997 
.9994 
09992 
.9989 

i 
1.0000 
1 . . 9999 0000 

1 1.0000 . 0000 1.0000 

1 . 0001 
1.0002 
1- 0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0001 
1.0001 
1.0001 1.0000 

1.0000 
1.0000 
1.0000 
1.0002 
1.0002 
1 0003 



TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

I T  = 120 K P I  1 ATM D T  = 2.878 UGM/M3 

MACH 

0.000 
.os0 
.lo0 

150 
0200 
.250 
300 

e350 
-400 
e450 
-500 
e550 

-650 
e700 
0750 
.BOO 
0 8 5 0  
-900 
0950 

1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 

1.550 
1.600 
1.650 
1.700 
1.750 
1 .a00 
1.850 
1.900 
1.950 
2.000 

-600 

1.500 

REV/M 

0. 
3 929E to6 
7.835Et06 
1.169Et07 
1.548EtO7 
1 e918Et07 
2 0277 E t07 
2.622E e07 
2.953Et07 
3.267E t07 
3.564Et07 
30843Et07 
4.102EtO7 
4.341 E t07 
4 560Et07 
40758Et07 
4.936Et07 
5 094E to7 
5.231Et07 
5.349Et37 
5.448E t07 
5.528€+07 
5.591 E t07 
5.638E e07 
50668Et07 
5.684Et07 
5.685E t07 
5.673Et07 
5 065 3 E t07 
5.614Et07 
5.569Et07 
5.513Et07 
5.449E t07 
5.377E to7 
5 297E t07 
5.211EtO7 
5 119EtO7 
5 02 1 E t07 

4.813EtJ7 
4.699Et07 

4.91 a E to7 

z 

.9884 

.9884 

.9884 

.9885 

.9885 

.9885 
09885 
m9886 
09886 
.9887 
.9887 
.9888 
.9889 
.9889 
e9890 
09891 
-9892 
.9893 
.9894 
09895 
-9896 
.9897 
.9898 
.9899 
-9900 
e9901 
09902 
,9903 
09905 
-9906 
.9907 
e9908 
-9909 
-9910 
e9911 
-9912 
m9913 
09914 
e9915 
.9916 
e9917 

0. 

GAMMA 

1.4160 
1.4160 
1.4160 
1.4159 
1.4159 
1.4158 
1.4157 
1.4156 
1.4155 
1.4154 
1.4152 
1.4151 

1.4148 
1.4146 
1.4144 
1.4142 
1.4141 
1.4139 
1.4137 
1.4135 
1.4133 
1 A131  
1.4129 
1.4127 
1.4125 
1.4123 
1.4121 
1.4119 
1.4117 
1.4116 
1 a41 14  
1.4112 
1.4111 

1.4108 
1.4106 
1.4105 
1.4103 
1.4102 
1.4101 

1.4149 

1.4109 

U 
M/SEC 

221 -96 
221.91 
221 -74 
221.46 
221 008 
220.58 
219.98 
219.28 
218.48 
217 59 
216.60 
215 -52 
214.36 
213.12 
211.81 
210 -42 
208.97 
207 46 
205.89 
204.27 
202 -61  
200.90 
199.16 
197.38 
195.58 
193.75 
191.89 
190.03 
188.14 
186.25 
104.35 
182.45 
189.54 
178.64 
176.74 
174.84 
172 96 
171.08 
169.21 
167.35 
165 -51 

P / P T  

1.0000 
.9983 

993 1 
.984* 
a9726 
-9576 
09396 
e9190 . 8957 
e8703 

8431 
e8143 
. l a 4 1  
.7530 

721 1 
,6888 
e6562 
-6237 
-5915 
.5597 
,5286 
.49 e2 

-4401 
e4686 

a4127 
3863 
3612 
337 2 
3145 

.2930 
02726 
-2535 
.2355 
e2186 
.2028 
.1880 

1742 
-1613 

1493 
.13@2 

1279 

T / T T  

1.0000 . 9995 
-9980 
.9955 
e9920 
-9876 
09822 

09689 
a9609 
9522 

a9427 
.9326 
e9218 
.9104 
.E985 
-8861 . 8133 
.8601 

8466 
-8328 
.8188 
.BO45 
.7932 
.7757 
-7612 
-7467 

.9760 

e7321 
07176 
-7032 
06889 
.6746 
-6606 

-6329 
-6466 

,6193 
.bo59 
05928 
.5798 
-5671 
.5547 

D/DT 

L.0000 . 9988 
-9950 
.98 89 

9803 
-9695 
-9565 
e9414 

9243 

8852 
e8634 

.9055 

-8405 
.E165 
.7916 

-7400 
e7661 

7136 
6871 

-6605 
.6340 
6077 

e5817 
.5562 
e5311 
-5067 
-4829 
.4597 
.4374 
e4157 
.3949 
.3748 
,3556 

3371 
a3195 
3027 

-2866 
2713 
25 67 
2429 
2298 

A/A*  

I 
11.5910 

5.8215 
3 a9101 
2.9633 
2 a4025 
2.0348 
1.7777 
1.5902 
1.448 8 
1.3399 
1 a2550 
1.1883 
1 1357 

1.0625 
1.0383 
1.0207 
1.0089 
1.0022 
1 .oooo 
1.0021 
1.0080 
1.0175 
1.0305 
1.0468 
1.0664 
1.0891 

1.0944 

1.1150 
1.1441 
1.1763 
1.2118 
1 a2505 
1.2926 

1.3870 
1.4396 
1.4959 
1.5562 
1.6204 

1.3380 

1.6887 

W P/PT T/ TT O/DT A / A *  ------- R E L A T I V E  TO IDEAL GAS VALUES------ 

-9940 
09940 

9940 
.9940 
9940 

-9940 
~ 9 9 4 0  
e9940 
09940 

9940 
9940 

-9940 
09939 
.9939 
.9939 
.9939 
.9939 
.99 39 
.99 39 . 9939 
.99 39 
09940 
-9940 
.9940 

9940 
.994J 
e9940 
e9941 
09941 
a9941 
9941 

-9942 
09942 

9942 
.9943 
.9943 
,9943 
.9944 
.9944 
09944 
.9944 

1.0000 
1.0000 
1.0000 
1.0000 
I. 0001 
1.0001 
1 . 0 0 O l  
1.0002 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0003 
1 0003 
1.0004 
1 e0304 

1.0005 
1 0006 

1.0006 

1 0007 
1.0007 
1.0307 
1.0008 
1.0ll08 
1.0008 
loJ037 
1 OJ07 

1 0007 
1.0006 
1 0006 

1 0005 
1 0004 

1.0005 

1.0006 

1.0007 

1.JJ07 

1.0005 

1.0000 
1.0000 
1.0000 
1 . 3000 
1.0000 

09999 
.9999 
.9999 
.9999 
.9998 
09998 
.9997 
09997 
.9997 
.9996 
.9996 
.9995 
.9995 
.9994 
.9994 
.9993 
09993 
e9992 
09992 
-9991 
9991 

.9990 
-9990 
,9989 
.9989 
-9988 
.9988 
09987 
.99 87 . 99 86 
-9986 
.9985 
.9985 
.9985 
09984 
.9984 

1 . 0000 
1.0000 
1.0000 1.0000 

1.0000 1.0000 

1.0001 
1.0001 
1.0001 
1.0002 

1.0000 
1 .oooo 
1.0000 
1 .oooo 
1.0000 
1 1.0000 .0000 

1 .oooo 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 
09999 
.9998 
.9998 
.9997 
09997 
-9996 
09995 
.9994 
.9994 
09993 
9992 

-9991 
09990 
09989 
.9987 

i 
1.0000 

.9999 . 9999 

.9999 . 9999 

.9999 

.9998 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 1.0000 

1 1.0000 .oooo 

1.0000 1.0000 

1.0001 1.0001 

1.0000 

1.0000 
1.0001 
1.0001 
1.0001 

1.0001 
1.0002 
1.0002 
1.0003 
1 0003 
1.0004 
1.0004 
1.0005 
1 0006 
1.0006 
1 0007 
1.0008 



& 
0 

TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

0. 11 = 120 K P T  = 3 ATM DT = 8.848 ~ ~ n / n 3  CONT I WE0 

2 GAMMA W P / P T  1/11 D/DT A / A *  W PI PT T / T T  O/OT A / A *  
n / s E c  ------- R E L A T I V E  TO IDEAL GAS VALUES----- 

! 

nACH 

0.000 
- 0 5 0  
. loo 
-150 
.200 
a250 
.300 
0350 
.400 
-450 
-500 
.550 
.600 
-650 
a700 
.750 
.a00 
.850 
0900 
-950 

1 .ooo 
1.050 
1 . loo 
1.150 

1.250 

1.350 

1 e450 
1.500 

1 .zoo 

1.300 

1.4C0 

1.550 
1 e600 
1 a650 
1.700 
1.750 
1.800 

REY /M 

0. 
1.174Et07 
2.341Et07 

4.626Et07 
5.73lEt07 

7 838 E t07 
8.828Et07 
9.7716t07 
1.066Et08 
1.15JEt38 
1.228Et08 
1.300Et08 
1.366E+08 

1 473 E to8 
1.527Et08 
1.569 E to8 
1 -605EtO8 

3.494Et07 

6.804Et07 

1.425Et08 

1 . 6 3 5 E t J 8  

1.679EtJ8 
1.660E t 08 

1 e694EtO8 
1.704Et08 
1.709Et08 
1.710EtO8 
1 707 E +38 
1 e 7 0 1  E t 0 8  
1.691€*08 
1.677Et08 
1.661Et.38 
1 e642 E to8 
1 e 6 2 l E t 0 8  
1.597€*08 
1.571 E t 0 8  
10544E*08 

.9647 

-9647 

-9648 

-9650 

-9652 

-9647 

e9648 

-9649 

-9651 

09654 
a9655 
.9657 
.9659 
-9661 

-9666 

.3671 

e9663 

-9668 

09674 
9677 

-9683 
-9683 

e9689 
-9686 

.9692 
-9696 
.9699 
09702 

9706 
,9709 
m9712 

-9719 

-9726 
.9729 
-9732 

-9716 

-9722 

1.4512 
1.4512 
1.4511 
1.4510 

1.4506 
1.4503 

1.4508 

1.4500 
1.4496 
1.4493 
1.4488 
1.4484 
1 a4479 

1 e4468 

1.4457 
1.4451 
1.4444 

1.4432 
1.4426 

1.4413 
1.4407 
1.4401 
1 4394 
1.4388 

1.4377 
1.4371 
1.4366 
1.4360 
1.4355 
1.4350 
1.4345 
1.4341 

1.4474 

1.4462 

1.4438 

1.4419 

1.4382 

219.21 

218.99 
219.15 

218.71 
218.33 
217.84 
217.24 
216.54 

214.86 
215.75 

213.87 
212.80 
211.65 
210.42 
209.12 
207.75 

204.83 

201 - 6 8  

198.36 
196.64 

193.12 

189.50 

185.82 

206 -32  

203.28 

200.04 

194.90 

191.32 

187.67 

183.96 
182.09 
180.22 
178 e35 
176.40 
174.62 
172.75 
170.90 

1.000~ 
.9983 
9931 

-9846 
.9725 

s.9575 
.9396 
-9189 
.E958 

8705 
.a433 

8146 
.7845 
.7534 
e7214 
- 6 8 9 1  
e6564 
.6242 

5920 
.5602 

5291 
,4987 
.4692 
-4407 
,4132 
,3869 
.3617 
.3378 
a3150 

2934 
-2731 
.253 9 
.2358 
.2189 
.2031 
.1882 

1744 

1.0000 
.9995 

9980 
.9955 
-9920 
.9875 
-9821 
.9758 
-9686 
m9606 
-9518 
9422 

-9320 
-9212 
-9097 

.E853 
-87  24 
-8591 
e8456 

8317 
e8176 
e8034 
e7890 
.7744 
.7599 
,7453 

7307 
e7162 
07017 
-6873 
-6731 
-6590 
06450 
-6312 
,6176 
06042 

. 8977 

1.0000 
.9988 

9951 
-9890 
-9803 

9695 
-9564 
-9413 
- 9  243 

9056 
.E853 

8636 
8406 
8166 
7916 

-7661 
7401 

-7137 
6871 

e6605 
.6340 
e6077 
-5817 
-5561 
-5311 

5066 
48 27 

04596 
e4372 
04155 
.3946 
,3745 
-3552 
,3368 
e3191t 
-3022 

2861 

I 
11.5883 

5.8200 
3.9089 
2.9628 
2.4021 
2 -0346 
1.7776 

1.4484 
1.3396 

1.1880 

1.0944 
1.0625 
1.0383 
1.0207 
1.0085 
1.0022 
1.0000 
1.0020 
1.0083 
1.0175 
1.5335 

1.5898 

1.2547 

1.1354 

1.0468 
1 e0664 
1.0892 

1.1443 
1 e1767 
1.2122 
1.2511 
1.2933 

, . 1 ,3389 
1.3881 
1.4410 

1.1152 

.9817 
-9817 
09817 
e9817 
09817 
e9816 
- 9 8  16 

-9815 
-9816 

a9815 
e9815 
-9814 

e9814 
-9813 
-9813 

- 9 8 1 4  

.9813 
-9813 

- 9 8  13 

- 9 8 1 4  

e9813 

09814 

-9814 
981: 

.98 15 
e9816 
.9817 
e9817 
a9818 
-9819 
-9820 
09820 

9821 
98 22 
9823 

-9824 
e9825 

1.0000 
1.0000 
1.00ill 
1.0002 
1. JdOO 
1.0001 
1.0001 
1.0002 
1.5002 
1 0U03 
1.0004 
1 0005 
1.0006 
1.0>07 

1.0338 
1.GJ09 
1.0>10 
1.0012 
1.0313 
1.0015 
1.0016 
1.0,18 
1.0019 
1.0d20 
1.0021 
1.3J22 
1.0023 
1.0024 
1 0024 
l.OJ24 
1.0J24 
1. GO24 
1.0223 
1.0J23 
1.0s22 
1 .Oil20 

1. a007 

1 .0000 
1.0000 
1 .do00 

.9999 

.9999 

.9998 

.9998 

.99 97 

.9996 

.9995 

.9994 
-9992 
.9991 
.9990 
.9989 
.9987 
.9986 
.99 85 
.9983 
-9982 
-99 80 
.9979 
09978 
-9976 
.9975 
.9973 
.9972 
e9971 
,9969 
,9968 
.9966 
-9965 
.99t3 
.9962 
-9961 
.9959 
.9958 

1 .oooo 
1.0000 
1.0001 
1.0000 1.0001 

1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0002 
1.0001 1.0001 

1.0001 
1.0001 
1 .0001 
1.0001 
1.0000 
1.0000 
1.0000 

.9999 
09998 
.9997 

9996 
.9995 
.9994 
e9992 

9990 
.9988 
e9986 
.9983 
e9981 
.9978 
,9975 

1 
.9997 
.9997 
e9996 . 9997 
.9998 . 9998 
.9998 
.9998 
.9998 
.9998 
.9998 
.9998 
.9998 

1 .0000 
1.0000 
1.0000 
1.0000 1.0000 

1. I. 0000 0000 

1.0000 
1. aooo 

1.0000 
1.0001 
1.0001 
1. a001 
1.0002 
1.0003 
1.0003 
1.0004 1.0006 

1 1.0008 e0007 

1.0010 
1.0012 
1.0014 

I 



MACH 

0.JOO 
,050 
. loo  
a150 
.200 
0250 
-300 
0350 
e400 
m450 
-500 
.550 
-600 
-650 
a700 
.750 
0800 
-850 
900 

-950 
1.300 
1 e 050 
1 .loo 
1.150 
1 .zoo 
1.250 
1.300 
1.350 
1.400 
1.450 
1.500 
1.555 
1.600 

R E Y / M  

0. 
1.950Et07 
3.889Et37 
5.805Et07 
7.687E t o 7  
9 5 2 5 E t07 
1.131E t o 8  
1.303Et08 
1.468Et08 
10625EtJ8 
1.773Et08 

2 043E + 08 

2 274E t 0 8  
2.374Et08 
2 -465E t 0 8  

2 0616E t o 8  
2.677Et08 
2 .728E t J 8  
2.771 E t08  
2 804E t08 
2.830Et08 
2 847Et08 
2 857Et08 
2 e860Et08 
2 856E to8  
2.846Et08 
2.829 E +08 
2.808Et08 
2.782Et08 
2.751Et08 

1.913 E to8  

2.163Et38 

2.545E t o 8  

L 

9400 
-9400 
-9401 

-9402 
.9404 
-9405 

.9409 

-9414 
.9416 
-9419 
.9423 
-9426 
-9430 
.9434 
.9438 
.9443 
.9447 
-9452 
.9457 
.9462 
e9468 
.9473 
.9478 
.9484 
e9490 
.9495 
-9501 
-9506 
.9512 

9401 

-9407 

e9411 

a9518 

TAdLE I .  REAL-GAS I S E N T R O P I C  EXPANSIONS OF k I T R O G t N  

0. T T  = 

GAMMA 

1.4918 
1.4917 
1.4916 

1.4911 

1.4902 

1.4891 
1.4884 

1.4868 

1.4850 
1.4841 
1.483 1 
1.4820 
1.4810 
1.4799 
1.4788 

1.4765 
1.4754 
1.4743 
1.4732 

1.4710 
1.4699 

1.4914 

1 a4907 

1.4897 

1.4876 

1 e4859 

1.4777 

1.4721 

1.4688 
1.4678 

1.4658 
1.4668 

1.4648 

120 K 

n 
H/SEC 

216.36 
216.31 
216.14 
215.86 
215.48 
214.99 
214.39 
213.70 
212.90 
212.01 
211.04 
209.97 
238 .83 
207.61 
206.32 
204.96 
203 -54 
202.07 
200.54 
198.96 
197.35 
195.69 

192 -28 
190.53 

186.98 

183 -36 

179.71 

176.04 

194.05 

188.76 

185 17 

181.54 

177.88 

P T  = 5 ATM 

P / P T  

1.0001) 
,9983 
09931 
A 8 4 5  
-5726 
.9576 
.9397 
-9191 
8960 
8706 

.84 34 
8146 

-7846 
.7535 
e7217 
-6855 
e6570 
6246 

e 5925 
e5608 
,5297 
.4993 
-4698 
e4413 
a4139 
,3875 
-3624 
.3384 
e3156 
2943 

e2736 
2544 

e2363 

T / T T  

1.0000 
,9995 
-9930 
.9954 
-9919 
.9874 
-9819 
-9756 
e9683 
9602 

-9514 
. w i e  
-9315 
,9256 
-9091 
-8970 
.a845 
e8715 
-8582 
-8446 
.a307 
-8165 
9022 

.7878 
,7732 
e7586 
.7440 
-7294 
-7148 
.7003 
-6859 
et716 
e6575 

DT = 15.133 KGM/M3 CUNT I NU E') 

O /DT  

1.0000 
.9988 
9951 

.9889 

.9803 
-9695 
-9565 
-9414 
-9245 

9056 
.E853 
8635 
8406 

v 8166 
,7917 
-7662 

-7138 

-6606 

.6078 

,5562 

7402 

6872 

6341 

5818 

e5311 
5066 

-4827 
-45 96 
-4371 
s 41 54 
.3944 
.3743 
.3550 

A /  A *  

I 
11.5854 
5.8184 
3.9082 
2.3623 

2 -0341 
2 e401 5 

1.7772 
1.5895 
1.4484 
1.3397 
1.2548 
1.1881 
1.1356 
1.0944 
1 .dt24 
1.0383 
1.0207 
1.oofli  
1.002: 
1.0000 
1 .0020 
1.0079 
1.0175 
1.03J5 
1.0468 
1 .Ob65 
1.0892 
1.1153 
1 e1440 
1.1770 
1.2127 
1.2c1t 

.46YI) 

.96 39 
.96 d9 

9689 
e96fltr 
-9688 
,9687 
-96  37 

,9685 
.96 94 
.96 34 

96 36 

,9683 
96 d2 

.9682 
-9681 
-9681. 
-9681 
.9t0: 
-9681 
e9681 
-96  82 
-9682 

96 84 
.96 a3 

.96 a5 

.96 a6 . F6 87 

.9688 

-9691 
e9693 

m5692 
,9644 

I. JIJ00 
1.0000 
1.0001 
1 . C J O 1  
1.dUJl  
1.0001 
l.0JJ2 
1.0003 
1.0004 
1.UU1)3 
1 0005 
1.0J56 
1.0007 
1.3039 
l.CJ1i 
1.0J13 
1.0016 
1.JJ18 
1.i)dZl 
1 0023 
l.OJZ6 
1.0029 
1.0031 
1.0J34 
1.3J36 
1.0038 
1 .5 J4 J 
1.0041 
1.jJ43 
1.0J42 
1.C042 
1.C042 
1.0042 

T / T T  D / O T  A / A *  
TU IUEAL GAS VALUES------- 

1 .u000 
1. 0000 
1.0000 

.9999 

.9998 

.9997 

.9996 

.9995 

.9993 
-9991 
.99 90 
.5988 
.9986 
.99&4 
-9991 
.9979 
.9977 
.9975 
.9973 
-9970 
-9968 
-9966 
.9964 
.9961 
.995? 
.9957 
.9954 
-9952 
e9950 
.9947 
.9945 
09943 
.9940 

1 .0000 
1.0000 
1.0001 
1.0000 
1.9331 
1.0001 
1.0001 
1.0002 1.0002 

1.0001 
1.0001 
1.0001 
I. 0002 
1.0002 
1.0002 
1.0302 
1.0003 
1.0003 
1.0003 
1.3003 
1.0003 
1.0002 
1.0002 
1.0001 
1 .ouoo 

.9998 
09997 
.9995 
.9S92 
.9988 
.9985 
m9981 
,9978 

i 
.9994 
.9993 
.9995 
.9995 
.9995 
.9995 
.9996 
.9996 
.9998 
.9999 
.9999 
.9999 

1. o w 0  
1.0000 
1.0000 
1 .0000 
1.0033 
1.0000 1.0000 

1.0000 1.0000 

1.0000 
1.0000 
1.0000 

1.0001 
1 . J O O l  
1.0002 
1.0003 
1 0006 
1.0008 
1.0010 
1.0012 



MACH 

0.000 
-050 . 100 
,150 . 200 
e250 
0300 
350 
0400 
450 

.SO0 
e550 
.600 
0650 
,700 
0750 
.a00 
e 8 5 0  
.900 
0950 

1.000 
1 .OS0 
1.100 
1 .lSO 
1 .zoo 
1.250 
1.300 
1.350 

R E V / M  

0. 
3 . 112 E to7 
6 2 06 E +07 
9.263E t07 
1.227Et08 
1.520E e08  
1.8OSE +38 
2.080Et08 
2.344Et08 
2.595Et08 
2.834E +58 
3.057€+08 
3.267Et08 
3 460 E to8 
3.638Et08 
3. BOO€ to8 

4 .077E+08 

4.292Et08 

4.447 E to8 

3.946Et08 

4.192E to8 

4.377Et08 

4.504€+08 

4.5 77 E +08 
4.595€*08 
40602Et08 
4.596€+08 

4.541Et08 

2 

-9010 
-9010 
-9011 
e9012 
09013 
m9015 
09017 
“-9019 
-9022 
e9025 
-9029 
e9033 
-9037 
09042 
e9047 
09053 
-9059 
-9066 
e9072 
-9079 
-9087 
-9094 
e9102 
-9110 
09119 
-9127 
09136 
a9145 

TABLE I .  REAL-GAS I S E N T R O P I C  EXPANSIONS OF h lTKOGEN 

D o  T f  = 120 K P T  = 8 A T M  D T  25.263 KGM/M? CONTI  hUEO 

GAMMA 

1.5661 

1.5658 
1.5654 
1.5649 
1.5642 
1.5634 
1.5625 

1.5660 

1.5614 

1.5589 
1.5602 

1.5575 
1.5559 
1.5543 
1.5526 
1.5508 
1 5490 
1.5471 
1.5452 
1.5432 
1.5413 
1.5392 
1.5372 
1 5352 
1.5332 
1.5312 
1.5292 
1.5273 

Y 
M/SEC 

211.88 
211.82 
211 e65 
211.37 
210.99 

209.83 
210.49 

209.19 
238.40 
207 -51 

205.47 
206.53 

204.33 
203.12 
201.84 
200.50 
199.10 
197.65 

194.60 
193.01 
191.39 
189.74 
188.06 
186.36 
184.64 
182.90 
181.15 

196.14 

P / P T  

1 .oooo 
.5983 
09932 
.9845 
-9727 
-9576 
9396 
a9190 . 8959 
8707 

8 149 
.7849 
a1538 
-7221 
e6899 
,6576 
-6253 
e5932 
e5615 
e5305 
.so02 
-4707 
e4423 
04148 
.3885 
3633 

03393 

. e436 

T / T T  

1 .ooi)o 
.9995 
.9979 
.9954 
-9918 
a9872 
09817 
a9752 
-9679 
.9598 
09508 
-941 1 
.93 37 
e9197 
-9081 
8960 
.E834 . 07 04 
a8570 
8432 
e8293 
.8150 
8007 
m7861 
07715 
,7569 
07422 
e7275 

D/DT 

1 e 0000 
.9988 
.9952 
-9889 
.9804 
-9695 
9565 
-9414 
9244 
9057 
8854 
-8637 
-8408 
8107 
a7919 
7664 
-7404 
7140 
a6875 
6609 
-6343 
-6080 
5820 
-5564 
5313 
5067 
4828 
.45 95 

A/A* 

I 
11.5740 
5.8126 
3 e9040 
2.9594 
2.3999 
200329 
1.7703 
1.5888 
1.4477 
1.3390 
1 2543 
1 .le77 
1.1354 
1.0943 
1 .Ob25 
1.0383 
1 0207 
1 e0089 
1 0.3022 
1.0001 
1.5021 
1.0080 
1 a0175 
1 a0306 
1.0470 
1.0666 
1 A895 

w P/PT T/ TT O/DT A/A* ------- R E L A T I V E  TO IDEAL GAS VALUES------- 

,9489 
0 9488 
.9488 
.9407 
.9486 
,9485 
.9484 
,9483 
09481 

09478 
.9476 
9475 
.9473 
941 2 
9471 
9470 
09469 

9469 
9469 

9470 
-9471 
e9472 
e9413 
09475 
9476 

.9479 

-9469 

-9469 

1.0000 
1.5iJ00 
I. 0002 
1.3301 
i.OdO2 
1.0001 
1.0002 
l.ObO3 
1.0404 
1.0005 
1.0907 
1.0009 
1.0312 
1.0013 
1.0016 
1.0019 
1.0d23 
1 0027 
1.0032 
1 0036 
l e  0041 
1.0045 
1.0d50 

1.0058 
1.0062 
1.0065 
1.0068 

1.0054 

1. w o o  
1.0000 
.9999 
.9998 
.9997 
,9995 
.9994 
-9991 
09989 
.9986 
09984 
.9981 
09978 
.9974 
.9971 
.9968 
9964 
a9961 
.9958 
09954 
-9951 
09947 
09944 
.9940 
.9937 
.9933 
99 30 
9926 

1.0000 
1.0000 
1.0002 
1.5001 
1.0001 
1.0005 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0003 
1.0004 
1.0003 
1.0004 

1.0005 
1 .0005 
1 0005 
1.0006 
1 0006 
1 0005 
1.0004 
1.0003 
1.0002 
.9999 
0999’1 
9993 

1.0004 

i . 9985 
9964 
9986 
e9986 . 9988 
.99 89 
9991 
9992 
.9993 . 9994 
.9995 
9996 
.9998 
,9999 
1.0000 
1.0000 
1.0001 
1.0001 
1.0001 1.0001 

1.0001 
L.0001 
1.0001 
1.0002 
1.0002 
1 0003 
1 0005 



TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS O F  NITROGEN 

MACH 

0.000 
,050 
.LOO 
-150 
.200 
e250 
0300 
e350 
0400 
-450 
-500 
550 

-600 
e650 
m700 
-750 
.BOO 
e850 
e900 
0950 

1.000 
1 .os0 
1.100 
1.150 
1.200 

REV/M 

0. 
3.888E to7 
7.754EtO7 
1.158€+08 
1 533E to8 
1 900E to8 
2.256€+08 

2.930€+08 
3.245Et08 
3 0543 Et08 
3.823EtOB 

4.329Et08 
4.553Et08 
4.757€+08 

2.600E+08 

4.086€+08 

4.942E to8 
5.107E e08 
5.253Et08 
5 0379Et08 
5.487Et08 
5.578Et08 
50650Et08 
5.705E+08 
5.74bE to8 

2 

.a734 

.a734 

.a735 

.e736 

.a737 

.a739 
08741 
.8 744 
08747 
a8751 
08155 
-8760 
8765 
-8770 
8776 
.E783 
8790 
08798 
-8806 
08814 
-8823 
-8832 
.E842 
08852 
-8862 

De T T  

GAMMA 

1.6278 
1.6277 
1.6274 
1.6269 
1.6262 
1.6254 
1 a6243 
1.6231 
1.6217 
1.6200 
1.6183 
1.6164 
1.6144 
1.6123 
1.6100 
1.6076 
1. 6052 
1.6027 
1.6001 
1.5974 
1.5947 
1.5920 
1.5892 
1.5865 
1.5837 

120 K 

w 
M/ SEC 

208.72 
208.66 
208.49 
208.21 
207 -82  
207.32 
206.71 
206 01 
205.20 
204.31 
203.33 
202 e27 
201.13 
199.92 
198. t4 
197 30 
195.91 
194 a 4 7  

191.45 

188.29 
186 66 
185.01 
183.34 

192.98 

189.89 

P T  = 10 ATM 

P / P T  f / T T  

1 .0000 1 .oooo 
.9983 .9995 
-9931 a9979 
.9845 .9953 
-9726 a9917 
.5576 .9871 
-9396 -9835 
-9190 -9751 
08960 -9677 
,8706 e9595 
08436 09504 
e8149 e9407 
-7849 09303 
-7540 e9192 
-7223 -9075 
m6902 -8953 
,6579 -8827 
e6257 08696 
a5937 -8561 
05621 -8424 
e5311 e8283 
05008 08141 
-4714 a7997 
-4429 .7851 
-4155 07705 

OT = 32.574 KGM/M3 CONC L UDE.0 

O/DT 

1.0000 
09988 
995 1 
9890 
9803 
-96 95 
9565 
-9415 
9245 
,9057 
.a854 
e8637 
8408 
-8169 

7666 
7406 

e 7143 
6878 
6612 
-6347 . 6083 
e5823 
05566 
m5315 

.7921 

A/A* 

I 
11 565 0 

5 -8090 
3.9019 
2.9577 
2 e3984 
2.0317 

1.5881 
1.4473 
1.3388 
1.2542 
1.1877 
1 e1353 
1.0942 
1.0623 
1.0382 

1.7754 

1.0207 
1.0089 
1.0022 
1 .0000 
1.4020 
1 a0079 
1.0176 
1.0307 

w P/PT T/TT D/DT A/A* ------- R E L A T I V E  TO IDEAL GAS VALUES------- 

.9347 

.9347 
m9346 
.9345 
.9344 
.9 342 
m9340 
-93 38 
93 36 
.9333 
-9331 
.93 28 
-9326 
e9324 
09322 
9320 
.9318 
.93L7 
-9316 
e9316 
e9315 
09316 
-9316 
09317 
-9318 

1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 
1.9003 
1 0004 
1.0004 
1.0006 
1.0009 
1.0012 
1.0015 
1.0020 
1 0024 
1.0029 
1 0035 
1.0041 
1 moo47 
1.0053 
1.0059 
1 0066 
1.0070 
1.0075 

1.0000 
1.0000 
.9999 
09998 
-9996 . 9994 
-9992 . 9989 
.9986 
9983 
09980 
m9976 
09972 

09964 
e9961 
9956 
09952 . 9948 . 99 4+ 
9940 
09936 
-9932 
09928 
9923 

-9968 

1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1 1.0002 .OOOl 

1 e0003 
1.0002 
1.0003 
1.0003 
1 1.0004 0005 

1.0007 
1.0008 
1.0009 
1.0010 
1.001 1 
1.0011 
1.0012 
1.0011 
1.0011 
1.0008 
1.0006 

i 
.9977 
,9978 
09978 . 
.9980 
9982 
.9984 
.9985 
.9987 
-9991 
-9992 
.9994 
9996 
.9997 . 9998 
.9999 

1.0000 
1 I. .oooo 0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0002 
1.0003 

& 
W 



& 
& 

TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF NlTROGEN 

MACH 

O.OOU 
.050 
. loo  
-150 
.zoo 
e250 

300 
,350 
0400  
e450 
-500 
- 5 5 0  
.600 
.L,50 
e700 
-750  
.BOO 
0850  
a900 
-950 

1.000 
1.050 
1 .100  
1.150 
1.200 
1.250 
1.300 
1 .350  
1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.753 
1 .800 
1 .a50 
1.900 
1.950 
2.000 

REY/W 

0 .  
3.497E+Ob 
6.974Et06 
1.041EtJ7 
1 .378€+07  
l e 7 0 7 E t 0 7  
2 026 E tU7 
2.333€+07 
2.6276 +07 
2.906€+07 
3 170 E +O 7 
3.41 9E +07 
3*648E+07 
3 860E +07 
4.054 E +07 
4.23UE +07 
4 . 3 8 7 ~  t o 7  
4.527Et07 
4 .648€+07  
4.753 E +07 
4.840€+07 
4.912EtJ7 
4.968E +07 
5.009E +07 
5.036E t 0 7  
5 *050€+07  
5.052E +07 
5 043E +07 
5 023 E +07 
4.993E +07 
4.955€+07 
4.908E+07 
4.854E +c7 
4.792E +07 
4.725Et07 
4.65 2 E +07 
4 .574€+07  
4.492Et07 
4.406E +07 
4.316E*07 
4.223E to7  

2 

-9909  

.9909 

.9909 
-9909 
-9910  

.9910 

99909 

e9910 

09910 
e9911 
09911  
e9912 

-9913 
.9912 

-9913 

-9915  
.9914 

-9915 
a9916 
-9917  
,9918 
.9918 
-9919  
-9920  

-9922  

- 9 9 2 4  

-9925 
.9926 

-9928 

-9921  

09923  

9 924 

e9927 

a9929 
a9930 
- 9 9 3 1  
-9932  
-9932  
.9933 
.9934 
.9935 

E. 

GAMMA 

1.4130 
1.4130 
1.4130 
1.4130 
1 e4129 
1.4129 
1.4128 
1.4127 
1.4126 
1.4125 
1.4124 
1.4123 
1.4121 
1.4120 
1.4119 
1.4117 
1.4116 
1.4114 
1.4112 
1.4111 
1 e4109 

1 e4105 
1 .4104  
1.4102 
1 .4100  
1.4099 
1.4097 
1.4095 

1.4107 

1.4094 
1.4092 
1 e4091 
1.4089 
1.408 8 
1.4087 
1.4085 
1 4084 
1.4983 
1.4082 
1.4380 
1.4079 

r T  = 130 K PT = 1 ATM 01 = 2.650 KGli/M3 

W 
M/SEt 

231.37 
231.31 
231 m13 
230.84 
230.44 
229.93 
229.30 
228.57 
227.73 
226.80 
225.77 
224.64 
223.43 

220.76 

217.80 

214.59 

222 e14 

219.32 

216.22 

212.90 
211 -16  
209.38 
207.56 
205.71 

201.91 
199.98 
198.03 
196.07 
194.09 
192.11 

188.14 
186.15 
184.17 
182.19 
180.22 
178.26 
176 32 

172 a46 

203.82  

190.13 

174.38 

P/PT 

1 .0000 

.9930 

.sa44 
-9725  
.5575 
e9396 
- 9 1  89 
.8958 

8703 
8431 

e8142 
7841 

.wa3 

.752Y 

.7213  
.6887 
-6561  

6236 
-591  4 

5596 
e5285 
.45@1 
-4685  
.4405  
a4326 

3863 
3611 

e3144 
-3372  

-2929  
m2725 

2 5 3 4  
2354 

-2185 
-2027 

1879 
e1741 

1613 
e1493 

1279 
.1382 

1/11 

1,0000 . 9995 
.9980 . 9955 
-9920 
,9876 
e9822 
.9760 
m9689 
-9609 
09522  
a9427 
09326 
-9218 
-9104  
.E985 
a8861 
.8733 
.a601 . 8466 
e8328 
08188 
-8046 
.7902 
.7758 
-7613 
-7467 
.7322 
07177 
-7033 

.6747 
-6606 
-6467 

e6889 

632 3 
-6194  
-6060 
-5928  
.5799 
-5672 
.5547 

D/OT A / A *  

1,0000 I 
-9988  11.5900 
-9950 
.9889 
,9803 
-9695 
.9565 

9414 
m9245 

8852 

8405 
-8165 

.9055 

.E634 

.791b 

.7400 

-687 1 

7661 

7137 

-6605  
e6340 
-6077 

5562 
- 5 3 1 2  
-5067 

4829 
.4598 
.4374 
-4158 
03950  
.3749 
.3557 
.3373 
-3196 
.3028 
.2867 
m2714 
.2569 
- 2 4 3 0  
-2299  

. 5 a i 8  

5.8210 

2 e9630 
2 04023 
2.0347 
1.7776 
1.5898 
1 e4487 
1.3398 
1 e2550 
1.1882 
1 .1356  
1.0944 
1.0625 
1.0383 
1.0207 

1.0022 
1 .oooo 
1.0021 
I. e0079 
1.0175 
1 .0305 
1 .a468 
1 e0663 
1 .0891  
1.1150 
1 1440 
1.1762 
1.2117 
1.2504 
1 2924 
1.3378 
1 .3868  
1.4394 
1.4957 
1.5558 
1.6200 
1.6883 

3.9093 

L .ooa9 

T/TT DfDT A / A *  W P/PT ------- R E L A T I V E  TO IDEAL GAS VALUES------- 

.9955 
09955 
.9955 
09955 
.9955 
.9955 
.9954 
.9954 
.9954 
.9954 
,9954 
.9954 
e9954 
.9953 
e9953 
.9953 
.9953 
09953 
, 995 3 
.9953 
.9953 
.9953 
.9953 
.9953 
.9953 
.9953 
.99 53 
.9953 
09953 
.9953 
99953 
.9954 
.9954 
.9954 
.9954 
,9954 
.9955 
09955 
.9955 
09955 
.9955 

1.0000 
1. 0000 
1.0000 
1. 0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 
1.cooo 
1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.J00l 
1.0002 
1.0002 
1 0003 
1.0003 
1.0003 
1 0004 
1.0004 
1 0304 

1.0005 
1.0005 
1.0006 

1 0006 
1.0006 
1.0006 
1 0006 
1 0006 
1 0006 
1.0006 
1. 0005 
1.0005 
1.0005 
1.0004 

1.0J05 

1.0006 

1.0000 
1.0000 
1.0000 
1.0000 
I. 0000 . 9999 

.9999 . 9999 

.9999 
09998 
.9998 
.9998 
09997 
.9997 
09996 
e9996 
.9995 
.9995 
.9994 
.9994 
.9994 
e9993 
.9993 
09992 
e9992 

9991 
-9991 
09990 
e9990 
-9990  
09989 
.9989 
09988 
-9988 
e 9988 
09981 
.9987 
09986 
-9986 
09985 
.9985 

1.0000 
1.0000 
1.0000 
1.0000 
1.0001 l e 0 0 0 1  

1.0001 
1.0002 
1.0002 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1 . O O O l  
1 0001 
1 .0001  
1.0000 
1 .0000  
1.0000 
1.0000 
1.0000 

m9999 
.9999 
* 9 9 9 8  
.9998 
09997 
.9997 
e9996 
09995 
.9995 
.9994 
09993 

i 
.9999 
.9999 
09998 
.9998 . 9998 
.9998 . 9998 
.9998 

1.0000 
I .  0000 
1.0000 
1.0000 
1.0000 1.0000 

1 1.0000 .oooo 

1.0000 1.0000 

1.0000 
1.0000 
1. 0000 
1.0000 
1.0000 
1.0000 1.0000 

1.0001 1.0000 

1.0001 1.0001 

1. 0000 

1.0001 
1.0001 

1.0002 
1.0002 
1.0003 
1.0003 
1 0003 
1 .  OOM 
1.0005 
1 e0005 



TABLE I. REAL-GAS I S E N T R O P I C  EXPANSIONS OF NITROGEN 

MACH 

0.000 
0050 
0100 
0150 
0200 
-250 
-300 
0350 
0400 
0450 
0500 
0550 
600 

’ ’-650 
’ 0700 
97 50 . 800 
;e50 
0900 
e950 

1.000 
1.050 
1’.1.00 
1.150 
1.200 
1.250 
1 e300 
1.350 
1.400 
1.450 
1 500 
1.550 
1.600 
1.650 
1.700 
1.750 
I, .eo0 
1 e850 
1.900 
1.950 
2 .ooo 

REY/H 

0. 
1.0$5Et07 
2.084Et07 
3.11 OE t07 
4.117EtOl 
5.101 E t07 
60054EtO7 
6. 974E to7 
7.854E607 
8.691 E t07 
9.483Et07 
1 023 Et08 
1.092E608 
1.155Et08 
1 o214E to8 
1.267Et08 
10315Et08 
1 ..357E 608 
10393Et08 
1.425Et08 
10452E t38 
1.474Et08 
1.491 E to8 
1.504Et08 
1.513Et08 
1.517Et08 
1.518Et08 
1.516€+08 
1.511Et08 
1.502E to8 
1.491Et08 
1.477Et08 
1 e461 Et08 
1.443Et08 
1.423Et08 
1.401Et08 
1 o378Et08 
1.354Et08 
1.328€+08 
1.301Et08 
1.273€+38 

2 

e9724 
9724 
09724 
09724 
-9725 
09725 
09726 
-9727 
-9728 
09729 
-9730 
09731 
09733 
.9734 
-9736 
.9738 
m9740 
9742 
09744 
-9746 
09748 
e9751 
.9753 
.9755 
.9758 
e9761 
-9763 
09766 
-9769 
09771 
.9774 
.9777 
-9780 
-9782 
.9785 
.9787 
-9790 
.9793 
09795 
,9798 
-9800 

E. T T  = 

GAMMA 

1.4410 
1.4410 
1.4409 
1.4408 
1.4407 
1.4405 
1.4403 
1.4400 
1.4397 
1.4394 
1.4390 
1.4386 
1.4382 
1.4378 
1.4373 
1.4369 
1 e4364 
1.4359 
1.4353 
1.4348 
1.4343 
1.4338 
1.4332 
1.4327 
1.4322 
1.4316 
1.4311 
1.4306 
1.4301 
1.4296 
1.4291 
1.4286 
1.4282 

1.4273 
1.4269 
1.4265 
1.4261 
1.4257 
1.4254 
1.4250 

1.4277 

130 K 

w 
M/ S EC 

229.22 
229 17 
228.99 
228 70 
228.30 
227.78 
227.15 
226.42 
225.58 
224.65 
223 62 
222.50 
221 -29 
220.00 
218 e63 
217.19 
215.68 
214. 11 
212.49 
210.82 
209.09 
207.33 
205.53 
203 69 
201.83 
199.94 
198.03 
196 10 
194.17 
192. 22 
190.26 
188.30 
186.34 
184.38 
182 e42 
180.47 
178 53 
176.60 
174.68 
172.77 
170.87 

P T  - 3 ATH 

P/PT 

1.0000 
09983 
9931 
.9845 
F725 
.9575 . 9395 
-9188 
.e957 
8704 
a8431 
8143 
e7842 
07531 
-7212 
06889 
-6564 
6240 
-5917 
.5599 
5288 
.4984 
04689 
e4404 
e4130 
-3866 
m3615 
.3375 
-3148 
2933 

2537 
2357 

.2188 
a2030 
.le82 
1744 

-1615 
1495 
1383 . 1280 

-2729 

T / T T  

1 . 0000 
.9995 
9980 
09955 
09920 
.9875 
09821 
09758 
09686 
09606 
-9518 
9423 
-9321 
9212 
09098 
.E978 
.E854 
-8725 
-8592 
.e457 
08318 
e8177 
8035 
-7891 
e7746 
-7600 
97455 
m7309 
-7164 
07019 
-6875 
0 6733 
-6592 
645 2 
-6315 
-6179 
m6045 
.5913 
.5784 
e5656 
5532 

OT 8.102 KGWH3 CONT I WE0 

D/OT 
- ,  

li 0000 
.9988 
9951 
-9890 
09803 
9694 
-9564 
9413 

e9243 
9056 
.E853 
8636 
-8406 
8166 
-7918 
m7663 
7402 
e7139 
6872 

.6606 
6341 
-6078 
.5818 
e5563 
-5313 
5068 
e4830 
.4598 
.4374 
41 58 
.3949 . 3748 
3556 
3371 
31 94 
-3026 
-2865 
-2712 
e2566 
24 27 

02296 

A I  A* 

* I  
11.5857 
5.8188 
3.9081 
2 9622 
2.4017 
2 -0343 
1.7773 
1.5896 
1 e4482 
1.3395 
1.2546 
1.1879 
1.1354 
1 a0942 
1.0622 
1.0380 
1.0205 
1.0089 
1.0022 
1.0000 

1.0079 
1.0175 
1.0335 
1.0468 
1 .Ob64 
1 0891 
1-1150 
1 1441 
1 a1764 
1.2119 
1.2507 
1.2928 
1.3384 
1.3875 
1.4402 
1.4967 
1.5571 
1.6215 
1.6901 

!.0020 

n. P / P T  T / T T  
-------RELATIVE TO IOEAL GAS 

O / O l  A / A *  
VALUES------- 

09863 
-9863 
09863 
-9862 
09862 
e9862 
09861 
-9861 
-9860 
e9860 
.9859 
.9859 
.9858 
09858 
.9857 
09857 
9856 
e9856 
,9856 
.9855 
09855 
.9855 
09855 
.9855 
09855 
-9856 
-9856 
.9856 
.9857 
.9857 
,9858 
.9858 
9859 

09859 
9860 
.9861 
9861 

-9862 
-9862 
-9863 
09864 

100000 
1 . 0000 
1.0001 
1.0001 
1.0000 
1.0000 
1.0000 
1.0000 
1.0001 
1. 0001 
1.0002 
1.0002 
1.0003 
1.0003 
1.0004 
1.0005 
1 0006 
1.0008 
1.0007 
l . C O O 8  
1.0009 
1.0010 
1.0011 
1.0013 
1.0014 
1.0015 
1.0316 
1.0017 
1.0018 
1.0018 
1.0019 
1.0019 
1.0019 
1.0319 
1.0019 
1.OJ18 
1.0018 
1.0017 
1.0016 
1.0015 
1.0013 

1.0000 
1.0000 
1.0000 
.9999 
09999 
.9998 
09998 
09997 
.9996 
.9995 
09994 
.9993 
e9992 
09990 
.9989 
09988 
.9987 
.9985 
.9984 . 99 83 
09982 
9980 
09979 
.9978 
09977 
.9975 
.9974 
09973 
-9972 
e9970 
9969 
09968 
9967 
09965 

09963 
m9962 
9961 
.9959 
.9958 
.9957 

.9964 

1.0000 1.0000 

1.0001 1.0000 

1.0000 1.0000 

1.0002 1.0002 

1.0001 

1.0001 
1.0001 
1 .a001 
1.0001 

1.0002 
1 0003 
1.0003 
1 e0003 
1.0004 
1.0002 1.0002 

1.0002 1.0002 

1.0002 
1.0002 

1.0002 
1.0002 
1.0001 
1.0001 
1.0000 
.9999 
09998 
.9997 
.9995 
09994 
-9992 
09990 
.9988 
-9986 
.9983 
m9981 
.9978 

i . 9995 
.9994 
.99* . 9995 
-9996 
9996 
e9996 . 9997 
99997 
.9997 
.9998 
09998 . 9998 
.9998 . 9998 
.9998 . 9998 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 1.0001 

1.0001 1.0001 

1.0002 
1.0002 
1.0003 
1 0004 
1.0005 
1.0006 
1. 1.0008 0007 

1.0010 
1.0012 
1.0014 
1.0016 



TABLE I .  REAL-GAS I S E N T R O P I C  EXPANSIONS OF NITROGEN 

n A c n  

0 .ooo 
0050 
. loo 
-150 
.200 
-250 

300 
-350 
e400 

-500 
-550 
0600 
-650 
0700 

750 
.EO0 
0 8 5 0  
0900 
e950 

1 .ooo 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1 e400 
1 a450 
1 500 
1.550 
1.600 
1.650 
1.700 
1.750 
1 .a00 
1 0850 
1 e900 

.450 

R E V I M  

0. 
1 073 6E +07 
3.461€+07 
5 166E *07 
6.840E t07 
8 e475 E +07 
1 006E +08 

1.305Et08 
1 e445 E +J 8 
1.576E to8 

1 81 5E to8 
1.922€+08 
2.020€+08 
2.1 08E+08 
2.188€+08 
2.259E to8  
2.321Et08 
2.375€+08 
2.420€+08 
2.457E +OB 
2.487€+08 
2 5 09 E +O 8 
2.525€+08 
2.533Et08 
2.536Et08 
2 e533E +08 
2.524€+08 
2.511EtO8 
2.493E +08 
2.471€+08 
2.445€+08 
2.41 5Et08 

2.346€+08 
2.308Et08 
2.267E +08 
2 224E +08 

1.159EtJ8 

1.700€+08 

2.382Et08 

2 

.9534 
09534 
.9534 
09535 
.9535 
e9536 
.9537 
.9538 
-9540 
.9541 
.9543 
09545 
09548 
-9550 
09553 
.9555 
.9558 
m9562 

9565 
e9569 
-9572 
09576 
e9580 
09584 

.9593 
09597 
e9601 
e9606 
e9610 
09615 
a9619 
09624 
-9628 
e9633 
9637 

-9642 
m9646 
e9650 

.9588 

E. TT * 

GAMMA 

1.4721 
1.4721 
1.4720 
1.4718 
1 e471 5 
1.4712 
1.4708 
1.4704 
1 a4699 
1.4693 
1.4687 
1.4680 
1.4673 

1.4657 
1.4649 
1.4641 
1 e4632 
1.4623 
1.4614 
1.4605 
1.4595 
1.4586 
1.4577 
1.4567 
1.4558 

1.4665 

1 , 4 5 4 9  
1.4540 
1 a4531 
1.4522 
1.4514 
1.4506 
1.4497 
1.4490 
1.4482 
1.4475 
1.4468 
1 e4461 
1.4454 

130 K 

W 
M/SEC 

227.04 
226.98 
226.81 
226.52 
226.11 
225.59 
224.96 
224.23 
223 -39 
222.45 
221 e42 
220.29 
219.09 
217. 80 
216.43 
215.00 
213.50 
211.94 
210.33 
208 e66 
206.95 
205 20 
203 -42  
201.60 
199.76 
197.89 
196.01 
194.11 
192.19 

188 -34  

184.47 
182.54 
180.61 
178 -69 

174 87 
172.97 

190.27 

186.40 

176.77 

P T  = 5 ATM 

P /PT  

1.0000 . 9983 
-9931 . 9844 
-9725 . $575 
.9395 
09189 
.E957 
.E704 
-8431 

8143 
e7842 
a7531 
-7213 
.6890 
-6565 
e6241 

5920 
-5602  

5291 
-4988 

-4408 
-4134 
03871 
e3619 
.3383 
a3152 

2937 
m2733 
-2541 

2361 
-2191 
02033 
-1885 

1746 
-1617 

1497 

-4693 

T / T T  

1 .oooo 
.9995 
-9980 
09954 
-9919 
09874 
-9839 
-9756 
e9683 
9603 

.9514 
941 8 

m9316 
a9207 
09092 
-8971 
08846 
-8717 
.85 84 
e8448 

8309 
-8167 
*E024 
-7880 
.7735 
07589 
.7443 
,7297 
-7151 
7006 

-6862 
~ 6 7 1 9  
06578 
643 8 
6300 

e6164 
-6030 
.5898 
-5769 

DT 13.773 KGH/H3 CON1 I NUEO 

D/OT 

1.0000 
.9988 
a9951 
09889 
.9803 
96 95 

.9565 
9414 

-9244 
9057 

.E853 
8635 
8406 

-8166 
07918 
e7663 
7403 

-7139 
0 6874 

6608 
-6343 
-6080 
05820 
-5565 
.5314 

5070 
‘-4831 
.45 99 
.4375 
e4158 
.3949 
.3748 . 3555 
,3370 
e3193 
e3024 
02863 

2709 
m2563 

A/A* 

I 
11.5810 

5.8163 
3.9068 
2.9610 
2.4008 
2.0335 
1.7767 
1.5891 
1.4478 
1.3395 
1.2547 
1.1880 
1.1355 
1.0943 
1 e0624 
1.0383 
1.0207 
1.J089 
1.0022 
1.0001 
1.0021 
1.0080 
1.0175 
1.0305 
1.0468 
1 e0664 
1.0892 
1.1151 
1.1442 
1 1766 
1.2121 
1.2510 
1 m2932 
1.3389 
1.3881 
1.4410 
1 e4977 
1.5583 

W P /PT  T/TT O/OT A / A *  ------- R E L A T I V E  TO IDEAL GAS VALUES------- 

-9769 
-9769 
-9769 

9768 
.9768 
.97b7 
a9766 
09765 

09763 
9762 

.9764 

.9761 
9760 

.9759 
,9758 
.9757 
-9756 
-9756 
-9755 
.9755 
.9754 
.9754 
.9754 
.9754 
.97 54 
.9755 
.9755 
09756 

9756 
.9757 
.9758 
.9759 
e9760 
a9761 
9762 
9763 
9764 
9765 

.9766 

1.0300 
1.0900 
1.0001 
1.0000 
1.0000 
1.0i)OO 
1.0001 
1 . O I ) O l  
1.0001 
1.0002 
1.0JOl 
1.0001 
1.  ou02 
1.0003 
1.0J04 
1.0006 
1 0007 
1.0U09 
1.0911 
1.0013 
1.0315 
1.0017 
1.0319 
1. ou22 
1.0024 
1 0026 
1.0027 
l.OJ29 
1 0030 
1 0 . n 2  
1.0032 
1.0033 
1 0033 
1.0033 
1.0033 
1.0032 
l.OJ31 
1.0030 
1 .Oil28 

1.0000 
1 .oooo 
1.0000 

09999 
.9998 
09997 

9996 
09995 
.9993 
09992 
-9990 
.9988 
-9986 . 9984 
a9982 

9980 
09978 
-9976 
09974 
e9972 

9970 
e9968 
-9966 
e9964 

9962 
09960 
.9958 
09956 
.9954 
-9952 
-9950 
,9948 
09946 
.9944 
09942 

9940 
09938 
e9936 . 9933 

1 . 0000 
1.0000 1.0001 

1.0000 1.0000 

1.0001 1.0001 

1.0001 1.0002 

1 1.0002 . O O O l  

1.0002 
1.0001 
1.0001 

1.0002 
1.0003 
1.0003 
1 0004 
1.0004 
1 0005 
1.0005 
1 moo05 
1.0005 
1 0005 
1. 0005 
1.0004 
1 0004 
1.0003 
1.0001 
1 . 0000 

.9998 
9996 

.9994 
09991 
09988 
.9985 
09981 
.9977 
09973 

1 
e9990 

9991 
-9991 
09992 

9992 
.9993 
.9994 . 9994 
.9997 . 9997 
09998 
.9999 
.9999 

-9990 ’ 

1 1.0000 .oooo 

1.0000 1.0001 

1.0001 1.0001 

1.0001 1.0001 

1.0000 

1.0001 

1.0001 
1.0001 

1.0002 
1.0002 
1. 0003 
1 0004 
1.0005 
1.0096 1.0008 

1.0010 
1.0012 
1.0015 
1.0017 
1.0020 



TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
.050 
. l oo  
.150 
0200 
-250  
-300 
-350 
.400 
e450 
.so0 
e550 
-600 
-650 
e700 
-750 
.eo0 
.850 
900 

.950 
1.000 
1 .os0 
1.100 
1 a150 
1.200 
1.250 
1.300 
1.350 
1 a400 
1.450 
1 .so0 
1 550 
1 e600 
1.650 

REV / M  

0. 
2.76 7E +07 
5.51 %Et07 
8.236E *07 
10091 Et08 
1.351E+08 
1.604Et08 
1 848E +08 
2 .O82E t 38  
2.305Et08 
2 -5 16E *08 
2.714€*08 
2 899E e08 
3.070E to8  
3.229Et08 
3.371 E t o8  
3.500E e08 
3.614€+08 
3.715€+08 
3.832E to8  

3.938E *OB 
3.987E to8 
4.025E t o 8  

3.876€*08 

4.051E+08 
4.067Et08 
4.073E e38 
4.070Et08 
4.058EtJ8 

4.011€*38 
4.038Et08 

3.977€*08 
3.936E t o 8  
3.889Et08 

L 

e9239 
-9239 
,9239 
-9240 
,9241 
-9242 
e9243 
.9245 
924 7 

-9249 
-9252 
-9255 

e9262 
926 5 

e9270 

-9279 
-9284 
e9289 
-9295 
-9301 
e9307 
m9313 
09320 
e9326 
.9333 
-9340 
.9347 
.9354 
-9361 
-9369 
e9376 
.9383 

-9258 

-9274 

E. T T  = 

GAMMA 

1.5259 
1.5258 
1.5256 
1.5253 

1.5244 

l.5230 

1.5249 

1.5237 

1.5221 
1.5212 
1.5201 

1.5178 

1.5151 

1.5123 

1.5190 

1.5165 

1.5137 

1.5108 
1.5092 
1.5077 
1 e5061 
1.5045 
1 e5029 
1.5012 
1.4996 
1.4980 
1.4965 
1.4949 
1.4933 
1 -491 8 
1.4903 
1.4889 
1.4875 
1.4861 

130 K 

W 
M/SEC 

223.69 
223.63 
223 -45 
223.15 
222 e74 
222.21 
221.58 
220.83 
219.99 
219.04 
218.00 
216.87 
215.66 
214.37 
213.00 
211.57 
210.08 
238.53 
206.93 
205.28 
203.59 
201.86 
200.10 
198.31 
196.50 
194.66 
192.81 
190.94 

187 18 
189.06 

185.29 
183.40 
181.51 
179.62 

P T  = 8 ATM 

P / P T  

1.0000 
0 SF83 
e9932 
.5844 
e9725 
.9575 
.9394 
-9187 

8956 
-8703 

e431 
.e143 

e7532 
-7214 

6892 

e6245 
-5923 

. le43 

-6568 

-5606 
-5296 
.4993 
e4699 
-4414 
4140 

,3877 
3626 

,3386 
-3159 

2943 

e2547 
2366 
2197 

-2739 

T / T T  

1 .oooo . 9995 
.9979 
.9954 
a9918 
-9872 
.9817 
.9753 
e9680 
.9598 
9509 

e9412 
-9308 
e9198 
-9082 

8961 
.8835 
8705 

-8571 
8434 

a8295 
-8153 
a8009 
-7864 
e7718 
e7572 
07425 
-7279 
07133 
-6987 

-6700 
-6558 

-6843 

.64i e 

CONTINUED DT = 22.741 KGM/M3 

D / O T  

1.0000 
,9988 
-9952 
.9889 
-9804 
-9696 

9564 
e9414 
9244 

-9057 
0 8854 

8637 
8408 

-8169 
.7921 
6 76 66 
e7406 
7143 

e6611 
-6876 

-6346 
.6083 
-5824 
,5568 
-5317 
e5072 
.4834 
-4602 
,4377 
-4160 
-3950 
.3749 
,3555 
-3370 

A / A *  

I 
11.5685 

5.8099 
3.9031 
2.9582 
2.3986 

1.7757 

1.h472 

2 e0321 

1.5883 

1.3387 
1.2541 
1 . le75 
1.1351 
1.0940 
1.0621 
1.0380 
1.0205 
1.0089 
1.0022 
1 .oooo 
1.0021 
1.0079 
1.3175 
1 e0305 
1.0468 
1.0664 
1.0892 
1.1152 
1.1443 

1.2124 

1.2937 

1.1767 

1.2513 

D/OT A / A *  w P / P T  T / T T  ------- R E L A T I V E  TO IDEAL GAS VALUES------- 

e9625 
-96 24 
-96 24 
-96 23 

-9621 
96 22 

e9619 
-96 17 
-9616 

96 14 
m96 12 
-9609 
.9607 

9605 
96 03 

e9602 
-9600 
.9599 
.5598 
09597 
-9596 
.9595 
.95 95 
.95 95 
.9595 
.9595 
m9596 
.95 97 
.9598 
.9599 
e9600 
-9601 
.96 u3 
. 9 t  04 

1.c000 
1. uuuo 
1.0001 
1. JOOO 
i .  0000 
1.5;101 

.9999 

.5799 
1.ouo0 
1.0000 
1.0001 
1.0002 
1.0003 
1.0005 
1.0J37 
1.0010 
1.0012 
1.0i)15 
1.0017 
1.0020 
1.0024 
1.0328 
1.0032 
1.0035 
1.0039 

1.0046 
1.0049 

1.0042 

1.0051 
1.0053 
1.0055 
1.C356 

1.0057 
1.0357 

1.0000 
1 .0000 

.9999 

.9998 

.9997 
-9996 
.9994 
-9992 
e9989 
,99117 
.9984 
e9981 
.9978 
.9975 

9972 
-9969 

-9963 
9900 

09956 
.9953 
.9950 
.9947 
.9944 
9941 

-9938 
.9935 
e9932 
09928 

-9922 
-9919 

e9913 

-9966 

-9925 

-9916 

1.0000 
l.UO00 
1.0002 
1.0001 
1.0001 
1.5002 
1.0001 
1.0001 
1 .OOOl 
1.0002 
1.0002 
1.0003 
1.0004 
1.0005 
1.0006 
1.0007 
1.0008 
1 e0009 
1.0009 
1.0009 
1.0010 
1.0011 
1.0011 
1.0011 
1.0011 
1.3010 
1 A 0 0 9  
1.0008 
1.0006 
1 0004 
1.0001 

.9998 

.9994 

.9990 

i . 9980 
.9979 

9981 
a9982 
.9983 
.9985 
.9987 
.9989 
-9990 

9992 
.9993 . 9994 
.9995 
.9996 
.9997 
.9998 
.9998 

1.0000 
1.0000 
1.0000 
1. ooou 
1.0000 
1. 000i) 
1.0000 
1.0000 
1.0001 
1.0001 
1.0002 
1.0004 
1.0005 
1.0007 1.0009 

1.0012 



TABLE I .  REAL-GAS I S E N T R O P I C  EXPAhSIONS OF NITROGEN 

MACH 

3.000 
.oco 
. l oo  
.150 
.zoo 
e 2 5 0  
.300 
-350 
-400 
-450  
,500 
.550  

600 
-650 
-700 
-750 
.800 
.e50 
0900 
-950 

1.000 
1 .os0 
1 . loo 
1.150 
1 .zoo 
1.250 
1 e300 
1.350 
1.400 
1.450 
1.500 
1.550 

REY/H 

0. 
3.454Et07 
6 0  887EtU7 
1.028Et08 
1 -361  E t38  
1.687Et08 
2.003E t o 8  
2.308Et08 
2.600E t o 8  
2.879E t08  
3.143€*08 
3 0391 E t o 8  
3.622Et08 
3.836E t 0 8  
4.033Et08 
4.213E t o 8  
4.375Et08 
4.520E*08 
4 0646 E to8  
4.757Et08 
4.851 E t08  
40930Et08 
40993Et08 

5.076Et08 
5.098Et08 

5 042E t o 8  

5.107Et08 
5 104EtO8 
5 a091E t o 8  
5r067E t o 8  

4 0993E to8  
5.034E to8 

2 

-9034 

09035 
-9035 

-9036 
-9037 

-9040 

-9044 

e9038 

-9041 

09046 
e9049 
m9052 
-9056 
.9060 
-9065 
-9070 
-9075 
-9081 
09087 

09100 
a9107 
09114 
-9122 
e9130 
e9138 
a9146 
e9155 
e9164 
09173 
-9181  
-9190 

-9093 

E. T T  = 

GAHMA 

1.5676 

1.5673 
1 5669 

1.5676 

1.5664 

1.5649 
1.5639 

1 a5657 

1.5628 
1.5616 

1.5587 
1.5602 

1.5571 
1.5555 
1.5537 
1.5519 
1.5500 
1.5480 
1.5460 

1.5419 

1.5376 
1.5355 
1.5334 
1.5312 

1.5271 
1.5250 
1.5230 
1.5210 
1.5191 

1.5440 

1.5398 

1.5291 

130 K 

Y 
M/SEC 

i21.39 
221.33 
221.15 
220.85 
220.43 
219.90 
219.25 
218.50 
217.64 
216.69 
215.64 

213.28 

210.62 
209.19 
207.70 
206.15 

202 - 9 1  

199.52 

214.50 

211.99 

204.55 

201.23 

197.77 
196 e00 

192.39 
1’34.25 

190.56 
188 e 7 1  
186.86 
185.00 
183.14 
181.28 

P T  = 1J ATH 

P / P T  

1.0000 
.9983 

9930 
.9844 

5726 
.9574 
.9344 
a9187 
.a955 
a8702 
843 1 
814 3 

-7841  
753 1 

-7214 
-6892 
-6569 
6245 

e5925 
e5609 
05299 
.4997 
4703 

m4419 
04145 
,3882 

3631 
e3391 

3164 
2948 
2744 

02552 

T / T T  

1.0000 
.9995 
.9979 
.9953 
09917 
e9871 
e9816 
e9751 
9677 

.9595 
-9405 
.9408 
e9303 
09193 
-9076 
.a955 
.e828 
-8697 
a8563 
-8426 
me286 
- 8  144 
.8000 
.7854 
.7738 
e7561 
-7415 
e7268 
-7121 
a6976 
m6831 
0 6688 

D T  = 29.068 KGM/M3 CONTINUED 

O / O T  

l .O~ .OO 
.9988 

9951 
.9889 
9804 

,9695 
.9565 
-9414 
-9245 

9058 
.E855 

8639 
8408 
8169 

-7921  
7667 
7407 

-7144 
6879 

.661$ 
6349 

5827 
e5572 
5 321 

.5076 

.4837 
e 4605 
-4380 
-4152 
-3952 

3751 

,6087 

A / A *  

I 
11 i 5 5  9 1 
:5.8061 
3 e9000 
2.9559 
2.3973 
2 e0308 
1.7747 

1.4466 
1.5875 

1-3382 
1.2537 
1 1874 
1.1351 
1.0940 
1.0622 
1.0381 
1.0206 
1.0089 
1.0022 
1.0001 
1.0021 
1.0080 
1 e 0  175 
1.0305 
1 e0468 
1 m0664 
1.0892 
1 e1152 
1 1444 
1.1768 
1.2125 

D / O T  A / A *  W P / P T  T / T T  ------- RELATIVE TO IOEAL GAS VALUES----- 

a9526 
,9526 
95 25 

-95 24 
-9522 
-95 2 1  
095 18 
a9516 

95 13 
a9510 
.9507 
e9505 

95 02 
09499 

94 96 
09494 
e9491 
.9489 
.9487 

9486 
.9495 
.9484 
09483 
.9483 
.9483 
.9483 
.9484 
,9485 
e9486 . 9487 
-9409 
,9490 

1. ouoo 
1.0000 
1.OJ00 
1.oi)oo 
l.OU01 

,9999 
.S999 
.9999 
.9999 

1.0000 
l.OUO0 
1.0002 
1.0002 
1.0004 
1.0006 
1 0009 
1.0013 
1.0J17 
1.0020 
1.0025 
1.0030 
1.0035 
1.0040 
1 0045 
1.0050 
1.0054 
1.0059 
1 0063 

1 0069 
1 0072 
1.0073 

1,0066 

1 .oooo 
1 .oooo 

.9999 
,9998 
,9997 
.9995 

9992 
-9990 
.9907 
.9984 
.9980 
.9977 
.9973 
m9970 

9966 
-9962 
.9958 
.9954 
~ 9 9 5 0  
.9947 
,9943 
.9939 
.9935 
9932 

09928 
- 9 9 2 1  
09920 
-9916 
-9913 
m9909 

9905 
-99.01 

1 .oooo 
1.0001 
1 .oooo 
1.0001 
1.0002 
1.0001 
1.0001 
1.0001 
1.0002 
1 moo03 
1.0004 
1.0005 1.0005 

1.0006 
1 0007 
1.0009 
1.0010 
1.0012 
1.0012 
1.0014 
1.0015 
1.0016 
1.0017 
1 0017 
1.0017 
1.0016 
1.0015 
1.0014 
1.0012 
1.0009 
1,0005 
1.0001 

i 
.9972 
,9973 
.9973 
.9974 
.9977 . 9979 
-9981  . 9984 
99 86 

.9988 
9990 

.9993 

.9995 

.99 97 
09998 
.9999 . 5999 

1 .oooo 
1.0001 
1.0001 
1. 1.0001 0001 

1.0002 1. 0003 

1.0004 1.0006 

1.0001 
1.0001 
1.0001 
1.0001 

1. 0008 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS Of NITROGEN 

nACH 

0.000 
0050 . 100 
e150 
.zoo 
e250 
e300 
e350 
e400 
-450 
500 

-550 
e600 

e700 
a750 . 800 
850 

e900 
-950 

1 .ooo 
1 s 050 
1 .loo 
1.150 
1 .zoo 
1.250 
1 300 

.6 50 

REY/M 

0. 
5.179Et07 
1.033Et08 
1 542E to8 
2.042E to8 
2.530Et08 
3 004E to8 
3 46 2 E to8 
3 901 E t  08 
4.320Et08 
4.71 7E +08 
5-090Et08 
5.439EtO8 
5.763€+08 
6.061E +08 
6.334EtO8 
6 -5 8 1 E 408 
6 802 E t  08 
6 998E to8  
7.169Et08 

7 439 E +08 
7.540€+08 
7.618E to8 
7 676E +08 
7.715 E to8 
7.734€+08 

7.316E to8 

2 

8492 
,8492 
-8492 
e8493 

8494 
.a495 

8496 . 849 8 
e8501 
,8503 
8506 

-8510 
a8514 
8519 

08524 

08536 

08551 
a8560 
-8569 
e 8578 
-8588 
e8599 
.E610 
-8621 
-8633 

.E530 

-8 544 

E. TT = 

GAMMA 

1.7010 

1.7006 
1.7009 

1.7000 
1.6991 
1.6980 
1.6967 
1.6952 
1.6934 

1.6893 
1.6869 
1.6844 
1.6816 
1.6787 

le6725 
1 6692 

1.6623 
1.6588 
1 e6551 
1.6515 

1.6915 

1.6757 

1.6658 

1.6477 
1.6440 
1.6403 
1.6365 

130 K 

Y 
M/SEC 

215.43 
215.36 
215.17 
214.85 
214.41 
213.84 
213.17 
212.38 
211 -48 
210.48 
209.40 
208.22 
206 -97 
205 -64  
204. 25 
202.80 
201.29 
199.74 
198.14 
196.51 
194.84 
193 a15 
191.43 
189.69 

186.17 
184.39 

187.94 

PT = 15 ATM 

P/PT 

1.5003 
.998 3 
.9930 
,9844 
09723 
-9572 

9182 
-8950 

8697 
e8425 

8138 
.7838 
7527 
7211 

-6569 

-5928 
-5614 

5306 
.SO05 
-4712 
m4429 
,4156 
3895 

a3644 

-9390 

-6891 

-6247 

T/TT 

1.0000 
.9995 
.9979 
-9952 
e9915 
-9869 
e9812 
.9746 
a9671 
-9588 
.9496 
.9398 
a9292 
-9180 
-9062 
.E940 . e812 
. ~ a o  
,8545 
.a407 
-8266  
.e123 
.7979 
.7833 
.7686 
07539 
-7391 

CONT I NU ED OT = 46.388 KGWM3 

O/DT 

1.0000 
.9988 
9951 

-9890 
.9804 

-9565 
9696 

-9415 
a9246 
.9059 
.8857 
-8641 
e8413 
- 8 1  74 

.7674 
-7927 

7415 
e7153 
6889 

-6625 
-6361 
.bo99 
.5840 
.55 85 
.5334 
5089 

.4849 

A/ A* 

I 
11.5233 

5 e7886 
3.8885 
2.9481 
2.3910 
2.0262 
1.7710 
1 e5847 
1.44+4 
1.3365 

1.1863 

1.0935 
1.0619 
1.0379 
1.0205 
1.0088 
1.0021 
1 .0000 
1.0020 
1.0079 
1.0174 
1.0303 
1 0466 
1.0662 

1.2524 

1.1344 

P/PT T/TT O/OT A/A+ W ------- R E L A T I V E  TO I D E A L  GAS VALUES------ 

-9269 
-9269 
-9267 

9265 
a9262 

9258 
-9254 
e9249 

9 244 
-9238 
-9232 
09226 
-9220 
-92 14 

-9204 
e9199 
,9194 
09190 
e9186 
-9184 

9181 
.9179 
-9178 
-9177 
09177 

9 177 

. 9 2 m  

1.0000 
1.0001 
1.0000 
1.0000 

.9998 

.9997 

.9995 

.9994 

.s994 

.9993 

.9994 . 9995 

.9997 

.9999 
1 0003 
1.0007 
1.0013 
1.0019 
1.0027 
1.0035 
1.0043 
1.0052 
1.0061 
1.0070 
1.0079 
1.0088 
1.0096 

1.0000 
1.0000 . 9999 

.9997 

.9995 
a9992 
.9988 
.9985 
m9980 
e9976 
9971 
9966 

-9961 
-9956 
-9950 
.9945 
a9940 
.9935 
e9930 
.9925 
09919 
a9914 
.9909 
.9904 
.9899 
.9894 . '3889 

1.0000 
1.0001 
1.0001 
1.0002 
1.0001 
1.0002 
1.0002 1.0001 

1.0003 
1 e 0004 
1.0006 
1.0008 
1.0010 
1.0012 
1.0014 
1.0018 
1.0021 
1 0024 
le0028 
1 0031 
1.0034 
1.0037 
1.0039 
1 0041 
1.0042 
1 e0043 
1.0042 

i 
9941 . 9943 

.9944 . 9948 
e9951 

9956 
e9961 
9966 

e 9971 
.9975 . 9980 
.9984 . 9989 
e9992 
.9995 
.9997 
.9998 . 9999 

1.0000 
1.0000 
1.0000 . 9999 

.9999 

.9999 

.9998 
.9999 



u1 
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TABLE I .  REAL-GAS I S E N T R O P I C  EXPANSIONS OF NITROGEN 

MACH 

0.000 
-050 
.LOO 
e150 . 200 
,250 
300 

e350 
a400 
e450 
e500 
e550 
e600 
0650 
,700 
- 7 5 0  
.a00 
0850 
-900 
-950 

1.000 
1.050 
l.LO0 

R E Y / M  

0. 
6.941 E +07 
1.384€+08 
2.066E+08 
2.736€+08 
3 391E +OB 
4.026E +08 

5.22 BE +08 
4.639E +08 

5.789€+08 
6.322E e08 
6.823€+08 
7.293 E +08 

8.131€+08 
8.499E +OB 
8.834E +08 

9.403€+08 

7.729€+08 

9.135€+08 

9.638E +08 
9.841€+08 
1 m001E +09 
1.015€+09 

2 

a7890 
-7890 
a7890 
-7890 
-7890 
- 7 8 9 1  
- 7 8 9 1  
-7892 
01893 
.7894 
,7896 
.7899 
-7902 
-7906 
e7911 
07916 
e7923 
-1930 
.7938 
.7947 
07957 . 7967 
.7919 

E. TT  = 

GAMMA 

1.9011 
1.9010 
1 e9006 
1 8999 
1 .E989 
1.8976 
1.8960 

1.891 8 
1.8893 
1.8865 
1 e8834 
1.8801 
1.8764 
1.8723 
1.8681 
1.8636 
1.8588 
1.8539 
1.8487 
1 .a433 
1.8377 
1.8320 

I.  8940 

130 K 

w 
M/ S EC 

209 07 
209.00 
208.79 

207.95 
208.44 

207.34 
206.60 
205 - 7 4  
204.77 
203 70 
202.54 
201 -30  
199.97 
198.58 
197.13 
195 - 6 2  
194.07 
192.48 
190.86 
189.21 
187.54 

184.14 
185.85 

PT = 20 ATM 

P / P T  

1.0000 
.9983 

99 30 
-5842 
-9719 
e9567 
.9384 

9174 
8941 

-8686 
8414 

e8126 
7827 

e7518 
-7202 
,6883 
e6563 

6244 
-5928 
-5616 
a5310 
- 5 0 1 1  
- 4 1 2 1  

T / T T  

1 .oooo 
.9995 
.9978 

995 1 
e9914 
-9866 

-974 1 
-9808 

-9665 
-9581 
.9488 
.9388 
-9282 
-9169 
e9050 
e8927 
.a799 

8667 
e8531 
08393 
.E252 
-8109 
m7964 

D T  5 6'6.569 KGM/M3 CCNC L UD ED 

O/DT 

1 .oooo 
09989 
-9952 
.989a 

9804 
.9696 

9567 
e9416 

9247 

8861 
8646 
8419 

a8183 

e 7685 
-7429 

1169 
e6906 
6643 

-6381 
6120 

m5862 

-9062 

.7931 

A / A *  

I 
11.4649 

5.1595 
3.8703 
2.9349 
2.3811 
200183 
1.765 0 
1.5199 
1 a4407 
1.3336 
1.2502 
1.1846 
1.1330 
1.0927 
1.0613 
1.0376 
1.0203 
1.0087 
1.0021 
1 .oooo 
1.0020 1 e0078 

Y P /PT  T / T T  D/DT A / A *  ------- RELATIVE TO IDEAL GAS VALUES------ 

.E995 
08995 
-8992 
.E988 
.E983 
.a977 
e8969 
-8960 
-8951 
.E940 
-8930 

8919 
08909 
.8898 
.8888 
.E878 
08869 
-8860 
- 8 8 5 2  
08845 
,8839 
08834 
e8830 

1.0000 
1.0001 
1.0000 

09997 
.9994 
.9992 
09989 
.9985 . 9983 
.4981 
-9981 

9981 
04983 
a9986 
.9990 
.9997 

1.0005 
1 0014 
1.0026 
1.0038 
1.0051 
1 0066 
1.0080 

1.0000 
1.0000 

.9998 
9996 

.9993 

.9989 

.9985 

.9980 

.9974 

.9969 
09963 
m9956 
09950 
.9944 
.9937 
09931 
-9925 
e9919 
09913 
09908 

9902 
09897 
09891 

1.0000 
1.0001 I. 1.0001 0002 

1.0001 1.0002 

1.0003 
1 0003 
1.0005 
1 0007 
1.0010 
1.0014 
1.0018 
1 -0023 
1.0027 
1.0032 
1.0039 
1.0045 
1.0052 
lo0059 
1 0066 
1.0072 
1 . 0078 

i 
09891 
,9893 . 9891 
-9904 

991 0 
-9917 

9927 
09936 . 9945 . 9954 
-9962 
9970 

-9977 . 9984 
09990 . 99% 
.9997 
0 9999 

1.0000 
1.0000 
1.0000 

.9999 



r 

TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
-050 . 100 
-150 
.zoo 
-250 
,300 
350 

-400 
e450 
-500 
0 5 5 0  
,600 
-650 
e700 
-750 
.a00 
e850 
a900 
-950 

1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1 e300 
1 350 
1.400 
1.450 
1 S O 0  
1.550 
1 e600 
1.650 
1.700 
1 e750 
1.800 
1.850 
1.900 
1 e950 
2.000 

REY/M 

0. 
3.143Et06 
6.266€*06 
9.352E*06 
1.238E*07 
1.534E*07 
1.820€*07 
2.096€*07 
2.360Et07 
2.61 O f  *07 
2.8476t07 
3 o069E *07 
3.275E *07 

3.638€*07 
3 -465 E to7 

3.7966*07 
3.936E t07 
4 -06 1E t07 
4.169€*07 
4.262E *07 

4.404E *07 

4.490E t07 

4.527E*O7 

4.340E *07 

4.453 E *07 

4 5 14E t07 

4 A 2 8  E *07 
4.520E +07 

4.476€*07 

4.401 E *07 

4.300E407 
4.242Et07 

4.11 1 E *07 
4.043€+07 
3 965E t07  
3.888E t07 
3 808 E *07 

4.502€*07 

4.442€ *07 

4.354E *07 

4.178€*07 

z 

a9927 
e9927 
.9927 

9928 
09928 
e9928 
09928 
-9928 
-9928 
e9929 
-9929 
e9929 

09930 
993 1 

09931 
-9931 
09932 
.9933 
.9933 
.9934 
.9934 
09935 
-9936 
09936 
.9937 
.9938 
,9938 
.9939 
a9940 
e9941 
09941 
a9942 
09943 
.9944 
09944 
.9945 
.9946 
a9946 
09947 
09948 

-9930 

F. 

GAMMA 

1.4108 
1.4108 
1.4108 
1.4108 
1.4108 
1.4107 
1.4106 
1.4106 
1.4105 
1 e4104 
1.4103 
1.4102 
1.4101 
1.4100 
1.4098 
1.4097 
1 e4096 
1.4094 
1 e4093 
1.4091 
1.4090 
1.4088 
1.4087 
1.4085 
1.4084 
1.4083 
1.4081 
1.4080 
1.4078 
1 a4077 
1.4075 
1.4074 
1 4073 
1.4072 
1.4070 
1.4069 
1 e4068 
1.4067 
1.4066 
1.4065 
1.4064 

TT = 140 K PT 1 ATM O f  = 2.456 KGH/M3 

w 
M/ s EC 

240 36 

240.12 
239.82 
239.40 
238 86 
238.21 
237 e45 

235.61 

233 e37 
232.11 
230.76 
229.33 
227.83 
226.25 
224.61 
222.91 
221.16 
219.35 
217.50 
215.60 
213.68 
211.72 
209 73 
207.72 

240.30 

236.58 

234.54 

205.70 
203.66 
201 -60 
199.54 
197.48 

193.35 
191.29 
189.23 
187.19 
185.15 
183.13 
181.11 
179 12 

195 -41 

R / P T  

1.0000 
.5983 

9930 
.9844 

9725 
.9575 . 9395 
-9189 . 8957 
.e703 

0430 
e8142 
-7840 
-7528 
a7209 
6886 

-6561 
-6236 
-5913 
.5555 
,5284 
-4980 
,4685 

e4125 
-3862 
03611 
e3371 
- 3  144 
-2929 
2725 

a2534 

o2185 
e2027 

1879 
e1741 
.1613 
m1493 

1382 
1279 

,4400 

.2354 

T/TT 

1 e0000 
e9995 
e9980 
09955 
09920 
e9876 
09822 
-9760 
09689 
-9609 
-9522 
-9427 
09326 
-9218 
-9104 
8985 

.88bl 
e 8733 
-8601 
-8466 
-8328 
.8188 

8046 
.7903 
07758 
.7613 
-7468 
-7322 
-7177 
-7033 

e6748 
-6607 
06468 

06194 
a6061 
-5929 
,5800 
.5673 
.5548 

,6890 

,6330 

D/DT 

1.0000 
.9888 
-9950 . 9889 
-9803 
.9695 
0 9565 
a9414 

9244 
-9055 
.E852 

8634 
.E405 
8165 

.7916 
7661 

.740 1 
7137 

e6871 
.66 05 
-6340 
-6077 
e5818 
e5563 

5312 
5068 

- 4 8 3 0  
.4599 

a4159 
,3950 

3750 
.3558 
.3373 
,3197 

3029 
-2868 
02715 

2570 
-2431 
-2300 

.43 75. 

A I A *  

I 
11 e5893 
5.8201 
3 -9096 

2.4022 

1.7775 

1.4486 
1.3398 
1.2549 
1.1882 
1.1356 
1.0944 
1.0624 
1.0382 
1.0207 
1.0089 
1.0022 
1.0000 
1.0020 
1.0079 
1.0175 
1.0304 

1.0663 
1.0890 
1.1149 
1.1440 
1.1762 
1.2116 

1 m2923 

1.3866 
1.4392 
1.4954 
1.5556 

2.9629 

2.0346 

1.5897 

1.0468 

1.2503 

1.3377 

1.6197 
1.6880 

w P/PT T/TT W D T  A / A *  ------- R E L A T I V E  TO I O E A L  GAS VALUES----- 

e 9966 

0 9966 

9966 
-9965 
09965 
e 9965 
-9965 

9965 
09964 

9964 

.9966 

.9966 

.9964 

.9964 
-9964 
9963 
9963 

-9963 
e9963 
-9963 

9963 
.9962 

-9962 
9962 

-9962 
e9962 
-9962 

-9962 
9962 

9963 

-9963 
-9963 
09963 

9963 
09963 

9963 
e9964 

9964 

-9962 

.9962 

-9963 

1.0000 
1.0300 
1.0000 
1.3000 
1 0000 
1.0001 
1.0001 
1.0001 
1. 0001 
1.0000 
1.0000 
1. coo0 
1.0000 
1.0000 

1.0000 

1.0001 
1.0001 
1.0901 
1.0002 
le0002 
1.0002 
1.C003 
1 0003 
1 0003 
1.0003 

1 0004 
1 0004 
1.0005 
1 0005 

1 0005 
1.0005 
1 0005 
1.0005. 
1.0005 
I 0005 
1.0004 
1 0004 

i.oooo 
i.oooo 

1.0004 

1.0005 

1 .oooo 
1.0000 
1 .oooo 
1.0000 
1 .oooo . 9999 

.9999 
,9999 
09999 
.9998 . 9998 
.9998 . 9997 
.99 97 
-9996 
-9996 
.9996 
09995 
.9995 
09994 
.9994 
.9994 
.9993 . 9993 
e9992 
e9992 
09992 
.9991 
09991 
-9990 
-9990 
-9990 . 9989 
.9989 
09989 
09988 
.9988 
09988 
,9981 
09987 
.9987 

I .  0000 
1.0000 
1 .oooo 
I. 0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0000 1.0002 

1.0000 
1 .oooo 
1.0000 
1 .oooo 
1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0001 
1.0001 
1.0001 
1.5001 
1.0001 
1.0001 
1 .oooo 
1.0000 
1.0000 

.9999 
09999 
09998 
09998 
.9997 

i . 9998 
.9998 . 9998 
.9998 
.9998 
.9998 
.9997 . 9997 
.9999 . 9999 

1.0000 .9999 

1.0000 1.0000 

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 1.0000 .oooo 

1.0001 1.0001 

1.0000 
1.0000 
1.0001 
1.0001 

1.0002 
1.0002 
1 0002 
1.0003 
1 e0003 



TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
-050 
.loo 
0150 
.zoo 
0250 

300 
-350 
e400 

a500 
-450 

-550 

.650 
0600 

-700 
-750 
.BOO 
-850 
-900 
.950 

1 .ooo 
1 050 
1.100 
1.150 
1 .zoo 
1.250 
1.300 

1.400 
1.350 

1.450 

1.550 

1 .e50 

1 e500 

1.600 

1 e700 
1 e750 
1 .BOO 
1.850 
1.900 
1.950 
2 .ooo 

R E Y / M  

0. 
9 -391  E t06  
1.873E +07 

3.700E t 0 7  
2.795Et07 

4.583Et07 
5 440E *07 
6.2t 5 E t 0 7  

7.806E t 0 7  
8.515Et07 
9.180Et07 

1.037Et08 

7.055Et07 

9.799Et07 

1.137Et08 

1.217EtO8 
1.253Et08 

1.089Et08 

1 -179E *de 

1.278E*08 
1.302E t o 8  
1.321 Et08 
1.336E t o 8  

1.355Et08 
1 e 347E e08 

1.359Et08 
1 360E*08 

1.353Et08 
1.358EtJ8 

1.346E t o 8  
1.336Et08 

1.310EtO8 
1.294E t o 8  

1.324Et08 

1.277Et08 
1.258€*08 
1.238 E t o 8  
1 e216Et08 
1 194E to8  
1.171EtO8 
1.147E t 0 8  

2 

.9781 
-9781  
-9781 
-9781  
e9781 
09782 
-9782 
.9783 
.9783 
.9784 
.9785 
e9786 
.9787 
.9788 
09789 
-9790 
e9792 
.9793 
.9795 
.9797 
.9798 
a9800 
-9802 

-9806 

-9810 

-9804 

e9838 

a9812 
a9814 
-9817 
e9819 
-9821 
-9823 

09828 
-9830 
09832 
.9834 
-9836 
.9838 
-9840 

-9825 

F. TT = 

GAMMA 

1.4337 
1 e4336 
1.4336 
1.4335 

1.4332 

1.4328 
1 e4326 

1.4320 

1.4313 

1.4306 
1.4301 
1.4297 
1 e4293 

1.4284 

1.4334 

1.4330 

1.4323 

1.4317 

1.4309 

1.4289 

1.4280 
1 e4275 
1.4270 
1.4266 

1.4257 
1.4252 

1 e4243 

1 e4235 
1.4231 
1.4227 
1.4223 
1.4219 
1.4216 
1.4212 
1.4209 

1.4261 

1.4248 

1.4239 

1.4205 

1.4199 
1 a4202 

140 K 

W 
M/SEC 

238.68 
238.62 
238.44 
238 14 
237 e 7 1  
237.18 
236.52 
235.16 
234 88 

232 83 
233.91 

231.66 

229.05 
227.62 
226.11 

230.39 

224.54 
222 90 
221.21 
219.46 
217.66 
215.82 
213.93 
212.02 
210.07 
208.10 
206.11 
204.10 
202.08 
230.04 
198.00 
195.56 

191.87 
193.91 

189.83 
187.80 
185.77 
183.75 
181.75 

177.79 
179 e76 

PT = 3 A l l 4  DT = 7.480 KGM/M3 

P / P T  

1.0000 
.9983 
.9931 
.9845 
a9725 
.9574 
.9394 
9187 
8956 
8702 

e8430 
e142 

,7840 
e7529 
a7210 
.6887 
-6562  
-6237 
-5915 
.5598 
e5286 
.4983 
-4688 
-4402 
.4128 
-3865 
-3613 
.3374 
-3147 
- 2 9 3 1  

2728 
2536 

-2356 
e2187 

2029 
. l a 8 1  

1743 
16 1 4  

.14S5 
e1383 
. 1289  

T / T T  

1.3300 
.9995 
.9980 
.9955 
-9920 
09875 
e9821 
.9758 
-9686 
09606 
e9518 

-9321 
-9213 
-9098 
.a979 . 8854 
-8726 
.a593 
.e1157 
.e319 
-8178 
,8036 
a7892 
.7747 
07602 
-7456 
0.7310 
e7165 

.9423 

-7021 
.6877 
.6735 

-6454 
e6594 

-6317 
e6181 . 6 047 
-5915 
05186 
-5659 
.5534 

D/DT 

1.0000 
.9988 
-9951 
e9890 
-9803 
.9694 
.9564 
9413 

.9243 
9056 

.a853 
-8636 
-8406 
- 8 1  66 

-7663 

-7139 

7918 

1403 

e6874 
e6608 
.6343 

6080 
.5821 

5564 
.5314 

5070 
,4831 
4600 

-4376 
.4160 
e3951 
-3751 
.3558 
.3374 

3197 
-3028 

2867 
27 14 

m2568 
2130 

-2298 

A /  A *  

I 
11.5859 

5.8189 

2.9623 

2.0344 
1.7774 
1.5897 
1.4484 
1.3396 
1.2548 
1.1881 
1.1355 
1 e0943 
1.0624 

1.0207 
1.0089 
1.0021 
1 .0000 
1.0020 
1.0079 
1.0176 
1.0306 

1.0665 

3.9082 

2 -4018 

1.0382 

1.0469 

1.0892 
1.1151 
1.1442 
1.1764 
1.2119 
1.2506 
1.2927 
1.3382 

1.4398 
1 e4962 
1.5565 
1.6208 
1.6893 

1.3872 

CON1 INUEO 

W P / P T  T / T T  D /DT A / A *  ------- R E L A T I V E  TO IDEAL GAS VALUES------- 

-9896 
-9856 
-9896 
.9896 
.9895 
.9895 
.?E54 
.9894 
,9893 
.9893 
-9892 
.9891 
-9890 
.9890 
-9689 
.9888 
. 9888  
.9887 

-9886 
.sa87 

-9886 
9886 

.9885 

.9885 

. 9885  

.9885 

.9885 

.9885 

.9885 

.9885 

.9886 

.9880 

.988k 

.9m7 

.98a7 

.9887 

.9888 

.9888 
09889 
.9889 
.989b 

1.0000 
I .  OJOO 
l.0JOO 
1.0001 
1.0005 
1.0000 
1.0000 
1.00lJo 
1.0000 
1.0000 
1.0000 
1.3000 
1.0000 
1. J001 
1 0001 
1.0002 
1.0003 
1.0004 
1.0005 
1.0006 
1.3001 
1.0008 
1..5309 
1.d008 
1.0009 
1.0010 
1.0011 
1.0012 
1.0013 
1.0014 
1 0014 
1.0J15 
1.0915 
1.9316 

1.0016 
L OJ16 

1.OJ15 
1.0015 
1.0014 

1.0313 
1.0014 

1.0000 
1 .oooo 
1.0000 

.9999 

.9999 

.9998 

.9998 
09997 
,9996 
09995 
.9994 
09993 

99 92 
.9991 
.9990 
.99 89 
,9988 
-9986 
09985 
.9984 
.9983 
-9982 
-9981 
.9979 
.9978 
.9977 
9976 

.9975 

.9974 . 9973 
9972 
9971 

.9970 
-9969 
-9968 
-9967 

-9964 
09966 

09963 
a9962 
09961 

1.0000 
1 .oooo 
1.0001 
1 1.0000 .OOOl 

1 .oooo 
1.0000 
1 .oooo 
1.0001 
1.0001 
1.0001 
1. ,3 002 
1.0002 
1.0002 
1.0003 
1.0003 
1.0004 
1 0004 
1.0005 
1 0005 
1.0006 
1.0006 
1.0006 

1.0005 

1.0005 

1.0005 

1.0005 

1.0005 
1 0004 
1.0004 
1.0004 
1 0  0003 
1.0002 
1.0001 
1 .oooo 

.9999 
.9997 
.9996 
,9994 
.9993 
09991  

i 
.9995 . 9995 
.9994 
.99% 
a9996 
.5997 
.9997 
,9997 
.9998 
.9998 . 5999 
.9999 
.9999 

1.0000 
1.0000 
1. ooou 
1.0000 
100000 
1.0000 
1 1.0000 .oooo 

1.0002 1.0000 

1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0003 
1.0003 
1.0004 
1.0004 
1.0005 
1.0006 
1.0007 
1.0008 
1.0010 
1.0011 



TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
.050 
. loo 
e150 
e 200 
e 2 5 0  
300 

e350 

450 
.500 
e 5 5 0  
e600 
,650 

.400 

-700 
-750 
.a00 
,850 
900 

e950 
1.000 
1 a050 
1.100 
1 150 
1.200 
1.250 
1.300 
1.350 
1 e400 
1.450 
1 e500 
1.550 
1 e600 
1.650 
1 e700 
l e 1 5 0  
1 .BOO 
l e 8 5 0  
1.900 
1.950 
2.000 

R E Y / M  

0. 
1.560Et07 
3.11 1 E t 0 7  
4.643Et07 
6.147E t o 7  

9.039Et07 
1 041 E t o 8  
1 173 E to8  
1.298Et08 
1.416EtO8 
1.526€+08 
1.629Et08 

1.812€+08 
1 891 E e08 
1.962Et08 
2.025E t 08  
2.08OEtO8 
2.128E t o 8  
2.168€+08 
2.201E t o 8  
2.227Et08 
2.247E t o 8  
2e260Et08 
2.268Et08 
2e273EtiI8 
2.267Et08 
2.26JEt08 
2.248Et08 
2.232E ti38 
2.212E eo8 
2.189Et08 
2.163€+08 
2.135Et08 
2 104E tO8 
2.071E t o 8  
2.035Et08 
1 e998Et08 
1.960EtJ8 
1 m920EtO8 

7 -61% t 0 7  

i . r z 5 ~ ~  

I? 

e9631 
.963 1 

-9632 

.9633 

.9634 

.9636 

.963 8 
-9639 
.9641 

.9644 

.9646 

.9649 

-9654 
.9656 
-9659 
-9662 

.9668 

-9675 

9631 

,9632 

e9633 

e9635 

e9642 

m9651 

a9665 

-9672 

09678 
9682 

.9685 

.9693 

.9696 

a9689 

e9700 
e9704 

e9711 

-9718 
e9721 

e9728 

-9707 

-9714 

.9725 

F .  TT = 

GAMMA 

1.4584 
1.4584 
1.4581 
1.4581 

1.4577 

1.4570 

1 e4579 

1.4573 

1.4565 
1.4561 
1.4555 
1 i4550 
1.4544 
1 e4.537 

1.4524 
1.4517 
1.4509 
1.4502 

1.4531 

1.4494 
1 a4486 
1.4478 
1 a4470 
1.4463 
1.4455 

1.4439 
1 e443 1 
1 A 4 2 4  
1 a4416 

1 e4402 
1.4395 
1 m4388 
1.4382 
1.4376 
1.4369 
1.4364 
1.4358 
1.4352 
1.4347 

1.4447 

1.4409 

140 K 

w 
w s E c  

236 -99 
236.93 

236.44 

235.47 

234.04 

236.75 

236 02 

234.81 

233.16 
232 18 

229 -92 

227.30 
225.87 
224.37 
222.79 
221.16 
219.47 

215.93 

212.23 
210.32 
208.39 
206.43 
204.46 

203.46 
198 -44 

231.10 

228.65 

217.72 

214.10 

202.46 

196.42 
194.40 
192.37 
190.35 
188.33 
186.32 
184.31 
182.32 
180.34 
178.37 
176.41 

PT = 5 ATM 

P/PT 

1 .oooo 
.5983 
e9931 . s 844 
,9725 
.9574 
e9394 

91 87 
e 8956 
-8702 . e435 
-8141 
.7839 
e7528 
e7209 
-6887 
.6562 
6237 

-5916 
. 5 5 S 8  
.5287 
.4$84 
-4689 
-4405 
e4130 
.3868 
3616 

.3377 
3153 

-2934 
.2731 

.2359 

-2032 

25 39 

-2190 

e 1883 
-1745 
-1616 
e1496 

1385 
.1281 

T / T T  

1 .oooo 
.9995 
-9980 
.9954 
a9919 
.9874 
a9820 
-9756 

-9603 
.96a4 

-9515 
-9419 

e9207 
-9092 

8972 
.e 847 
e8718 
.a585 
.a449 
-8310 
-8169 
-8026 
.7882 
.7737 
-7591 
.7445 
-7299 
e7154 
-7009 

-9316 

.6865 
-6722 
-6581 
a6442 
-6334 
e6168 
.6034 
05902 
.5773 
5645 

.5521 

OT = 12.660 KCHIM3 CONTI WE0 

O / D T  

1.0000 
.9988 
-9951 
.9889 

9803 
.9695 
.9565 
.94 14 
9244 

.9057 
.885Q 
-8635 
.e406 
,8166 
.vi 8 
,7663 
-7403 

.6875 

-6344 
.6081 
-5822 
-5567 

7140 

-6609 

-5316 
-5072 
.4834 
-4602 
.4378 
e4162 
.3 953 

3752 
.3559 
.3374 
.3 198 

3029 
.2867 
2714 

e2568 
2429 
2297 

A / A *  

I 
11.57b2 

5 .a i49 
3.9065 
2.9603 
2 -4093 
2.0331 
1.7764 
1.5889 
1.4476 
1.3390 
1.2545 
1.1879 
i. 1354 
1 .0942 
1 e0623 
1.0382 
1 J207 
1 e0089 
1.3522 
1 .oooo 
1.3021 
1.0079 
1.0175 

1.0467 
1.0663 
1 .a890 

1.1440 

1.0304 

1.1149 

1.1763 
1.2117 

1.2926 
1.2505 

1.3382 

1.4400 
1.4965 
1.5569 

1.3873 

1.6214 
1 e6901 

w P / P T  T/TT O / D T  A / A *  __--__- RELATlVE TO IDEAL GAS VALUES------- 

,9826 

-9026 
.9825 

-9024 

9826 

9825 

e9823 
-9822 
~ 9 8 2 1  

e9818 
e9817 

e9814 

-9820 

.9816 

-9813 
-9812 
,9811 
-9820 
.9809 
e9808 
,9807 
09807 
-9806 
-9836 

9806 
-9806 
e9806 
-9806 
09806 

9806 
e9837 
.9807 
e9807 
-9808 
.9809 
.98J9 
-9810 
e9811 

-9812 
-9813 

,9812 

1.0000 
1.0000 
1.0001 
1. 1000 
1. coo0 
1. )090 

.9999 
,9999 
.9999 

1.ouo0 
1.0000 

.9398 
e9999 
.9399 

1. J300 
1.0001 
1.0002 
1.0003 
1.0005 
1.0U06 
1.0008 
1.0510 
1.0012 
1.0314 
1.0016 
1.0017 
1.0019 
1.0021 
1.0022 
1 0024 
1.OJ25 
1.0026 
1.0927 

1.3027 
1.0027 

1 0027 

1 0027 
1 OJ26 
1.0025 
1 O U 2 4  
1.0i)23 

1 .oooo 
1.0000 
1.0000 

.9999 

.9998 

.9997 
a9996 
.9995 
.9994 

9992 
e9991 
.9989 
e9987 
.9985 
.9983 
-9981 
-9980 
.9978 
.9976 
.9974 
.9972 
e9970 
-9968 
-9967 
.9905 
-9963 
e9961 
.9959 
.9958 
.9956 
.9954 
-9952 
e9951 
.9949 
.9947 
.9945 
.9944 
e9942 

9940 
e3939 
,9937 

1 .oooo 
1.0000 
1.0001 
1.0000 
1 .oooo 
1.0001 
1.0001 
1.3001 
1.0002 
1.0002 
1.0003 
1.0001 
1.3002 
1.0002 
1.0003 
1.0003 
1 0004 
1.0005 
1.0006 
1.0006 
1.0007 
1.0008 
1.0008 
1.3009 
1.0009 

A -0009 
1.0009 

1 0009 
1.0009 
1.0008 
1 0007 
1.0006 
1 0005 
1 e0003 
1.0001 

.9999 

.9997 
.9994 
-9992 
e9989 
,9986 

i 
.9988 
.9988 
e9989 
.9989 
.9990 
-9991 . $991 
-9992 
.9993 
.9993 
.99 96 
.9997 
.9998 
.9999 
.9999 

1.0003 
1.0000 
1.0000 
1 ~ 0 0 0 0  
1.0000 
1 ~ 0 0 0 0  
1 .0000 
le 0003 
A .oooo 
1. OOJJ 
1.0000 
1.0000 
1 .00u0 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0005 
1.0006 
1.0008 
1 0009 
l.UOl1 
1.0013 
1.0016 

ul 
w 



MACH 

0.000 
050 

. loo 
1.50 

.200 
-250  
e 3 0 0  
0350 
A 0 0  
0 4 5 0  
e500 
-550 
600 

-650 
-700  
e750 
0800 
a850 
900 

e950 
1 .ooo 
1.050 
1.100 
1.150 
1.200 
1.250 
1 300 
1 350 
1 e400 
1.450 
1.500 
1.550 
1.600 
1 .0 50 
1.700 
1 .750  
,l. 800 
1.850 
1 900 
1.950 

0. 
2 486E +07 
4.958E +07 
7.399€+07 
9.798Et07 
1.214Et08 
1.441Et08 
1.660E to8 
le870Et08 
2 006 9E to8 
2.258Et08 

2.600Et08 
2.753Et08 
2.893€+08 

3.135E to8 
3 e237E to8  
3 327 E +08 
3.404E +08 

2.435E t o 8  

3.021Et08 

3.473Et08 
3.524Et08 
3.567E +08 
3.600Et08 
3.623E to8  
3.637E +08 
3.642€+08 
3 b39E to8 

3.610Et08 
3.586Et08 
3.5i55Et08 
3.520€+08 
3 -479E to8 
3.434Et08 
3.385Et08 
3.332€+08 
3.277Et08 
30218Et08 
3.156Et08 

3.628E e08 

2 

9402 
-9402 
-9452 
a9403 
-9403 
.9404 
-9405 
09406 
e9407 

9409 
e9411 
.9413 
e9415 
09418 
m9420 

-9427 
a9430 
09434 
,943 8 
09442 . 9447 
e9451 
-9456 
*9461 
09467 
-9472 
.9*77 
.9483 
09489 
.9494 
-9500 
-9506 
-9512 
09518 
09524 
09529 
e9535 
09541 
09S46 

-9423 

TABLE I .  REAL-GAS I S E N T R O P I C  EXPANSIONS OF NITROGEN 

F. T T  = 

GAMMA 

1.4997 

1 a4995 
1.499 2 

1.4984 
1.4979 
1.4973 
1.4966 
1.4958 
1.4949 
1.4940 
1.4930 
1.4919 
1 e4908 
1.4837 
1.4885 
1.4872 
1.4860 
1.4847 
1.4834 
1.4820 
1.4807 
1.4794 
1.4780 
1.4767 
1.4754 
1.4741 
1.4728 
1.4716 
1.4703 
1.4691 
1 e4679 
1.4668 
1.4656 
1.4646 
1.4635 
lo4625 
1.4615 
1.4606 

1.4996 

1.4989 

143  K 

n 
M / S E C  

234.44 
234 38 
234.19 
233 - 8 8  
233.45 
232.89 
232.22 
231.44 
230.55 
229.55 
228.45 
227.26 
225 e99 
224.62 
223.19 
221.68 
220.10 
218.47 
216.78 
215.04 
213.25 
211.43 
209.57 
207 e 6 8  
205.77 
203 -83  
201.88 
199.91 
197.93 
195.94 
193 e95 
191.95 
189 e96 
187.97 
185 e98 
184.00 
182.03 
180.07 
178.12 
176 19 

P T  = 8 ATM D T  20.750 KGM/M3 CONT I hUED 

P / P T  

l.i)000 
.9983 
m9932 
.9844 
-5725 
.9574 
.9394 
m9185 
.a953 

8700 
8427 
8139 

.7838 
7527 

-7209 

650 2 
-6238 

5917 
-5601 
-5290 
.4987 
-4693 
e4409 
-4135 

-6886 

a3872 
-3621 
e 3382 
e3155 

2939 
e2736 
02544 

236 3 
-2194 
.2035 
1887 
1748 

-1619 
1499 

m1387 

T / T T  

1 .oooo 
.9995 . 5979 
.9954 
.9918 
-9872 
e9817 
,9753 
,9680 
.9599 
.9509 

9413 
-9309 
.9199 
-9084 
.e963 
.E837 
-8707 
.a573 
,8436 

8297 
e8155 
.a012 
.7867 
-7721 
.7575 
07429 
-7283 
-7137 
06992 
e6848 
6705 

e6563 
.e423 
-6285 
-6149 
-6015 
.5883 
05753 
-5626 

D/OT 

1.0000 
.9988 

9952 
.9889 
-9804 

9696 
-9566 

9414 
- 9  244 

9057 
.E854 

8637 
8408 
8169 

-7921 
7666 

-7406 
-7143 
0 6878 
a6613 

6349 
6086 

05827 
-5572 
-5321 

5077 
.4839 
-4607 
,4383 
4166 

.395’ . 3755 
e3561 
e3376 
m3199 
-3030 

2868 
27 14 
2567 

.2428 

A/A* 

1 
11.5665 
5.8084 

2.5578 
3.9025 

2.3983 

1 e7755 
1 . 5 8 8 2  
1.4472 

1.2541 

1.1352 
1.0941 
1.0622 
1.0381 
1.0206 
1.0080 
1.0021 
1.0000 
1.0020 
1.3079 
1.0174 
1 .i)333 
1.0466 
1.0662 
1.0889 
1.1148 
1.1439 
1.1762 
1.2119 
1 e2507 
1.2929 
1.3386 
1.3878 
1.4407 
1.4974 
1.5581 
1 -6228 

2 .031C 

1.3387 

1.1876 

n P / P T  T / T T  O / D T  A/A* ------- R E L A T I V E  TO I D E A L  GAS VALUES------ 

-9720 

-9720 
97 15 

-9718 

-97 15 
9713 

-9711 
09708 
a9706 
.9704 
-9701 
-9699 

-9720 

-9716 

.96  57 

.9694 

-96 90 

-9687 
09686 
.96 85 
-9684 
e9683 

9682 
-9682 

9682 
-9682 
09683 
-9683 
96 84 

-9685 
09686 

9687 
-9688 

9689 
-9690 
-9691 
-9693 

-9692 

-9689 

-9682 

1.0000 
1. 0000 
1.0001 
1.0000 
1.3000 

.9999 

.9999 

.9997 

.4;997 

.9997 

.9997 

.9997 . $997 

.9998 
1.0000 
1.0001 
1.0003 
1.0005 
1.0008 
1.0011 
1.0014 
1.0017 
1.0020 
1.0024 
1.0027 
1 0030 
1.0033 
1.0036 
1.0039 
lmOO42 

lo0044 
1 0045 
1.0046 
1 0046 
le0046 
1 0046 
1.0045 
1 0043 
1.0041 

1.0044 

1 .oooo 
1.0000 

.9999 
,9998 - .9997 
e9996 
.9994 
e9992 
9990 

.9988 
,9985 
e9982 
-9980 
09977 
.9974 
.9971 
-9968 

9965 
n9962 
.9959 
09956 
.9954 
09951 . 9948 . 9945 

9942 
.9940 
.9937 
.9934 
-9932 

9929 
09926 

9923 
-9921 
-9918 

9915 
09912 
09910 
09907 . 9904 

1 .0000 
1 .oooo 
1 1.0002 .oooo 

1.0001 
1.0001 
1.0002 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0004 
1.0005 1.0006 

1.0007 
lo0009 
1.0010 
1.0012 
1.0013 
1.0015 
I. 0016 
1.0017 
1.0018 
1.0019 
1.0019 
1.0020 
1.0020 
1.0019 
1.0018 
1 0017 
lo0014 
1.0012 
1.0009 
1 0006 
1.0003 
09999 . 9995 
09990 
.99e5 

i 
.9979 . 9978 
-9980 
m9981 
m9982 . 9983 
e9986 
.9988 
,9990 

9991 
09993 ,. 

.9995 
9996 

.99 97 . 9998 

.9999 

.9999 
1 .oooo 
1.0000 
1.0000 
1 .oooo 
1.0000 

.9999 . 9999 

.9999 

.9999 
.9999 
.9999 
.9999 

1.0000 
1 . 0003 
1.0004 1.0006 

1.0007 
1.0010 
1.0012 
1.0015 
1.0018 
1.0022 



TABLE I .  REAL-CAS ISENTROPIC EXPANSIONS OF NITROGEN, 

n b w  

0.000 
.os0 
0100 
.150 
.zoo 
.250 
.300 

-400 
-450 
.500 

.600 

-700 
.750 
.a00 
.a50 
-900 
.950 

1.000 
1 .os0 
1.100 
1.150 
1 .zoo 
1.250 
1.300 

1.400 

e350 

-550 

0650 

1.350 

1.450 
1 e500 
1.550 
1 e600 
1.650 
1 e700 
1.753 
1.800 
1.850 

REY/W 

0. 
3.102Et07 
60185Et07 
9.231Et07 
1.222E to8  
1.515E to8 
1.798E t o 8  

2.333Et08 
2.583Et08 
2.818Et08 
3.04OEt08 
3.247E bo8 
3.438E +sa 
3.614Et08 
3.7736t08 
3.917Et08 

4.158Et08 
4.2556 408 
4.338Et08 

4.462E tO8 

4.534E to8 
4.553Et08 
4.563Et08 
4.557Et08 
4.545Et08 
4.524E to8 
4.495Et08 
40458Et08 
4.4156*08 
4.365Et08 
4e309Et08 

4.183Et08 
4.114EtOB 

2.071E *08  

4.045E e08 

4.407Et08 

4.5 04E t 08 

4.248Et08 

2 

a9245 
9246 
-9246 

-9247 
-9246 

-9248 
-9249 

.9251 
-9253 

e9250 

-9255 
-9257 

-9263 
e9266 
92 70 

-9260 

-9274 
.9278 

-9287 

.9298 

-9 309 

,9322 
.9328 
,9335 
-9342 
.9349 
-9356 
-9363 
-9370 
09378 
.9385 
-9392 
.9399 
-9406 

-9282 

e9292 

e9303 

-9315 

F. T T  = 

GAMMA 

1.5304 
1.5303 
1.5301 
1.5298 
1.5294 
1.5288 
1.5281 
1.5273 
1.5264 
1.5254 
1.5243 
1.5232 
1.5219 

1.5191 
1.5176 
1.5151 
1.5145 
1.5128 
1.5112 
1.5095 
1.5078 
1.5060 
1.5043 

1.5205 

1.5326 
1 e5008 
1.4991 
1.4974 
1.4958 
1.4941 
1.4925 
1.4909 
1.4894 
1.4878 
1.4864 
1.4850 
1.4836 
1.4822 

140 K 

w 
W S E C  

232.73 
232.67 
232.48 
232.16 
231.72 
231.15 
230.47 
229.68 
228.78 
227 -77 
226.66 
225.46 
224.17 
222.80 
251.35 
219.84 
218.26 

214.93 

211.41 
209- 59 
207 74 

216.62 

213.19 

205.86 
203.96 
202 -03 

198.14 

194.21 
192.24 
190 26 
188.29 
186.32 
184.35 
182.40 
180.45 
178.51 

233.09 

156.18 

P T  = 10 ATW 

P / P T  

1.0000 
.9983 
.9930 
.9844 
9724 
,9574 
5392 
e9184 

-8699 
8426 
-8138 
.7837 
e7526 
-7208 
6886 
e6561 
-6238 
,5917 
-5601 
.5291 
,4988 
-4655 
a4411 
-4137 
,3875 
3624 
.3385 
-3158 
294 2 
-2739 
e2547 
,2367 
m2197 
-2038 
1890 
,1751 
1622 

,8952 

T / T T  

1 .oooo 
.9995 
.9979 
.9953 
09917 
.9872 
9816 
,9751 
.9678 

-9536 
-9409 
-9305 

-9078 
.e956 

.a700 

.842 8 

-8147 
e8003  
.7858 
e7712 
e7565 
07419 

-9596 

-9194 

-8830 

-8566 

e8289 

.7272 
7126 
-6981 
.6837 

.6552 

.6274 

e6694 

-6412 

-6137 
-6003 
-5871 

OT = 26.376 KGM/M3 CON1 I hUE0 

O / D T  

1.0000 
.9988 
-9950 
,9889 
.9804 
-9696 

-94 14 
.9244 
e9057 
.a855 
-8638 
-8409 

,7923 

9565 

8170 

7669 
-7408 
e7145 
e6881 
-6615 
-6351 
-6089 
e5830 
.5575 
5325 

.5080 
e4842 
-4610 
.4385 
e4168 
.3959 
.3758 
3564 

.3378 
e3201 
3031 
-2869 
02719 

A /  A* 

1 
11.5556 
5.8044 
3.8989 
2.9552 
2.3962 
2.0303 
1.7742 
1.5872 
1.4463 
1.3 380 
1.2535 
1.1871 
1 1348 
1 e0937 
1.0619 
1.0381 
1. 0206 
1.0089 
1.0022 
1.0000 
1.0021 
1 e0079 
1.0174 
1.0304 
1 e0467 
1.0662 
1 e0889 
1.1148 
1 1439 
1.1762 
1.2117 
1.2506 
1.2928 
1.3385 
1.3878 
1.4408 
1.4917 

D / D T  A / A +  w P/PT l/ Tl ------- R E L A T I V E  TO IDEAL GAS VALUES------ 

.9649 
-9649 
,9648 
-9647 
-9646 
9644 
09641 
9639 
-9636 
9633 
-9630 
9626 
-9623 
,9620 
-9617 
96 14 
-9611 
09608 
96 06 

9602 
.96 00 
.9599 
-9598 
09597 
.9597 
09596 
e9596 
e9596 
.9597 
-9598 
.9598 
09599 
~ 9 6 5 0  
e9602 
09603 
e9604 
09606 

-96 04 

1 .oooo 
1.ooi)o 
1 . 0000 
1.0000 
.9999 
.9999 
e9997 
,9996 
m9996 
.9995 
.9995 
.9995 
.9996 
.9997 
.9999 

1.0001 
1.0001 
1 . 0004 
1.0007 
1.0011 
1.0015 
1.0019 
1.0023 
1.0028 
1.0032 
1.0036 
1 0040 
1.0044 
1.0048 
1.0051 
1.0054 
1.0056 
1.0058 
1.0060 
1.0060 
1.0060 
1.0060 
1.0059 

1 .oooo 
1.0000 
.9999 
.9998 
.9997 
.9995 
09993 
9990 . 9987 
.9984 
-9981 
.9978 
.9975 
e9971 
09968 
09964 
e9960 
e9957 
.995 3 
e9950 
-9946 
.9943 
.9939 
9936 
.9933 
e9929 
e9926 
e9923 
9919 
-9916 
m9913 
m99LO 
.9906 
e9903 . 9899 
-9896 
.9.8 93 
09889 

1.0000 
1.0000 
1 .oooo 
1.0001 
1 1.0002 .a001 

1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1 -0005 
1. 0006 
1 -0007 
1 e0009 
1.0011 
1.0011 
1.0013 
1.0014 
1.0016 
1.0018 
1.0020 
1.0022 
1.0023 
1.0024 
1 a0025 
1.0025 
1.0025 
1.0025 
1.0024 
1.0023 
1.0021 1.0018 

1.0015 
1.0012 
1.0007 
1 0003 
09997 

1 
9969 
-9970 
9971 
e9972 
09973 
.9977 
09979 
9981 
.99 84 
99 86 
.9989 
9991 
m9992 
.9994 
r9995 
.9998 . 9999 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 * 
1.0000 
.9999 
-9999 . 9999 
.9999 . 9999 

1.0000 
1.0000 
1.0002 
1. 0003 
1.0005 
1.0007 
1.0010 
1.0013 1.0017 



TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS O f  NITROGEN 

MACH 

0.000 
0050 
. loo 
0150 
.200 
,250 
-300 
e350 
0400 
.450 
0500 
-550 
9600 
m650 
-700 
e750 
0800 
0 8 5 0  
~ 9 0 0  
0950 

1 .ooo 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1 e350 
1.400 
1 a450 
1.500 
1.550 
1.600 
1 e650 

REY/M 

0. 
4. 640E +07 
9 252E +07 

1 829Et08 
2 266E +J8 
2 6 90E t 0 8  
3. lOOE +08 
3 492 E to8 
3 866Et08 
4.220E +08 
4.552Et08 

5 151 E +08 

5.658EtO8 
5.876E +08 
6.071€+08 

6.394E +08 
6.522E+08 
6 0629E t08  
6 m717E +08 
6 ,7846 to8 
6.833Et08 
6.865E 608 
6.880Et08 
6.881Et08 
6.866E +08 
6.839EtO8 
60799Et08 
6.747E +08 
6-685E +08 
6.613€+08 

1.381€+08 

4.863E +08 

5.416f +J8 

6.244E t o 8  

2 

a8840 
08840 
,8840 
08840 
-8841 
-8842 
-8842 
-8843 
08845 
.E847 
08849 
- 8 8 5 1  
08854 
-8857 
-8861 
a8865 
-8870 
-8875 
e8881 
08887 
e8894 

8901 

-8917 
a8925 
-8934 
.a943 
e8953 
08963 
.8973 . 89 83 
.a994 
-9005 
901 5 

-8908 

F. 11 = 

GAMMA 

1.6214 
1.6213 
1.6210 
1.6205 
1.6199 
1.6190 
1.6180 
1.6167 
1.6153 
1.6138 
1.6121 
1.6102 
1.6082 
1.6060 
1.6038 
1.6014 
1.5989 
1.5964 

1.5910 
1.5883 
1.5855 
1.5826 
1.5798 
1 e5769 
1.5740 
1 e5711 
1 5683 
1.5655 
1.5627 
1.5599 
1.5572 
1.5546 
1.5520 

1.5937 

140 K 

w 
M/SEC 

228.42 
228.35 
228.15 
227.81 
227.35 
226.75 
226 -04 
225.21 
224 26 
223.21 
222.06 
220.81 
219.49 
218.08 
216.60 
215.05 
213.45 
211.79 
210.08 
208.34 

204.74 
202 90 
251.04 
199 16 
197.27 
195.36 
193.44 
131.52 
189.60 
187.67 
185.75 
183.83 

206.56 

181.92 

PT = 15 ATf4 DT = 41.379 KGMfM3 CONT I NUED 

P/ PT 

1.0000 
09983 
.9930 
09843 
-9722 
.9570 

938 9 
- 9 1  81 
.a947 

8692 
8420 

e8131 
07830 
,7520 
.7203 
.6882 

6559 
a6237 

5917 
5602 

e5294 
4992 

-4700 
,4417 
e4144 
.3882 
e3632 
.3394 
-3167 
-2952 
2748 

.2556 
2376 

-2206 

T/TT 

1 .oooo . 9995 
.9979 
09952 
.9916 
09869 
-9812 
.9747 
m9672 
.9589 
09497 
.9399 
09293 
-9182 
09064 
a8942 
.e814 
,8683 
.a548 
me410 
-8269 
8126 

01836 
-7690 
.7543 
-7396 
,7249 
e7102 
e6957 
06812 
e6668 
06526 
-6386 

.7982 

O/OT 

1.0000 
m9988 
-9951 

9890 
,9803 
9695 
9566 
9416 
9245 

a9058 

e8640 
9 8412 
m8174 
7928 
7674 

e7154 
e6891 
6626 

-6363 
06101 
- 5  843 
.5588 
,5337 
a5093 
.4854 
-4622 
.4398 
-4180 

3970 
e3768 . 3573 
e3387 

- 8 8 5 6  

.7416 

Ala* 

1 
11.5248 
5.7893 
3.8890 
2.9485 
2.3913 
2.0262 

1.5848 
1.4445 
1 e3366 
1.2525 
1.1864 
1.1343 
1.0935 
1.0618 
1.0379 
1.0205 
1.0088 
1.0021 
1 .oooo 
1.0020 
1.0078 
1.0173 
1.0304 
1.0466 
1.0661 

1.1147 
1.1437 
1.1760 
1.2116 
1.2505 
1 e2929 

1.7709 

1.0888 

P/PT T f  TT DIDT A I A *  w ------- RELATIVE TO IDEAL GAS VALUES------- 

e9471 
a9470 
a9469 
m9467 

9464 
9460 
9456 

-9451 
-9446 
09440 
.9434 

9428 
99422 

-9410 
9405 

.9399 

.9394 
-9390 
.9385 
-9382 
09378 

9376 
09373 
e9371 
09370 

9369 
e9369 
-9369 
-9369 
-9370 
- 9 3 7 1  
-9372 
.93 74 

-9416 

1.3000 
1.0000 
I. 0000 

09999 
.9997 
09995 
,9994 
e9992 
-9989 

e9987 
-9387 
09388 
.'9989 
09991 
.9994 
09998 

1.0002 
1.0008 
1 0014 
1.0020 
1 0028 
1.0035 
1.0043 
1.0048 
1.0056 
1. GO63 
1 0570 
1 GO77 
1.0083 
1.0088 

1.0096 
1.0099 

.9988 

1.0093 

1.0000 
1.0000 

.9999 
,9997 
.9995 
09992 
.99 89 
09985 
e9981 
.9977 
,9972 
9967 

09963 
.9958 
09952 
.9947 

9942 
.9937 . 9933 
-9928 
-9923 
-9918 
e9914 
-9909 

09900 
.9904 

-9895 
-9891 
,9886 
e9882 
.9877 
9872 

09868 
.9863 

1.0000 
1.0001 
1.0001 
1.0002 
1.0001 
1.0001 
1.0002 
1.0003 
1.0002 
1.0004 
1 e0005 
1.0007 
1.0009 
1.0012 
1.0015 
1.0018 
1.0022 
1.0025 
1.0029 

1.0037 
1.0041 

1.0033 

1.0044 1.0048 

1.0048 
1.0050 
1.0052 
1.0053 

1.0052 

1 . 0048 

1.0053 

1 e0051 

1.0040 1.0045 

i 
.9943 
.9944 
.9945 
,9949 
9952 

e9956 
9960 

e9966 
-9971 
e9976 

9980 
-9985 
9988 
9992 

99994 . 9997 
.9998 
.9999 

1.0000 
1.0000 
1.0000 

.9999 
9998 

1.0000 . 9999 
.9998 

9998 
.9998 
.9998 
.9999 

1.0001 
1.0003 
1 0005 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
,050 
e100 
-150 
e200 
.250 
,300 
-350 
,400 
-450 
e500 
0550 
a600 
0650 
e700 
,750 
,800 

850 
900 

-9 50 
1. 000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 

R E Y / M  

0. 
6.190E+O7 
1.234E +08 
1.842€+08 
2.440E+08 
3.023E+08 
3.589€+08 
4.135€+08 
4.659€+08 
5 15 8E +08 

6m075E +08 
6 ~ 9 1 E  +08 
6 0876E +08 
7.232E+08 

7.851E +08 
8 11 5E +08 
8.349€+08 
8.553E +08 
8*730E+08 
8.878E+08 
9.000E+08 
9.096E +08 
9 16 8 E +08 
9.217E+08 
9.244E +08 

9.237E+38 

5.631 E +08 

7.557E +08 

9.250€+08 

9.204E+08 

L 

-8410 

-8410 
e8410 
08410 

a8410 
841 1 

.a410 

-8410 

.E411 

.E413 
841 2 

08415 
-8417 
08420 
-8423 
-8427 
e8431 
.a437 
8443 

.a449 

.a457 

.a465 
e8474 
.a483 
.a494 
-8505 
.a516 
.a528 
-8540 
.a553 

Fe T l  * 

GAMMA 

1.7398 
1.7397 
1.7393 
1.7387 
le7379  
1.7367 
1.7354 
1.7338 
1.7320 
1 e7300 
1.7277 
1.7252 
1.7225 
le7196  
1.7165 
1.7132 
1 e7098 
1.7062 
1.7025 
1.6986 
1.6947 
1.6906 
le6865  
1.6823 
1.6780 
1.6737 
1 6694 
1.6651 
1.6608 
1.6565 

140 K 

W 
W S E C  

224 09 
224.01 
223.79 
223 e43 
222.93 
222 29 
221.52 
220.63 

218.50 
217.28 
215.97 
214.58 
213.11 
211.57 
209.97 
208 -32 

219.62 

206.62 
204.88 
203.11 
201 e31 
199.49 
197.65 
195.79 
193.92 
192.05 
190.17 
188.28 
186.40 
184.52 

P T  = 20 ATM 

P / P l  

1.0000 
.9983 
9930 

-9841 
9720 

-9565 
.9383 
e9173 
.a939 

8684 

.a120 
,7819 
-7509 
-7193 
a6873 
-6551  
-6231 
e5913 
5600 

a5293 
.4994 
e4703 
e4422 
-4151  
.3891 
364 2 
3404 

.e410 

.3178 
2963 

1/11 

1 .oooo 
.9995 
.99?8 
.995 1 
, 9914 
.9866 
-9809 
-9742 
.9666 
-9582 
.9489 
,9389 
e9283 
-9170 
.9052 
-8928 
.8800 
08668 
.a532 
.a394 
.e253 
.a110 
-7965 
.7819 
-7672 
.7525 
.7378 
a7231 
.7084 
a6938 

0 1  = 57.991 KGM/M3 CON1 I hU EO 

D /D l  

1.0000 
.9989 
m9951 
.9889 
9804 

,9695 
e 9566 
e9416 
9247 
9061 

.8860 
8644 

-8417 
.a180 
,7935 
7683 

e7426 
7166 
6904 

.6641 
-6379 
-6118 

5861 
-5607 
.5357 
-5113 
.4875 
e4643 
.4418 
41  99 

A/  A* 

I 
11.4781 

5.7665 
3.8745 
2.9377 
2.3834 
2.0200 
1.7662 
1.5808 
1.4413 

1.2507 
1.1850 
1.1333 

1.0614 

1.3341 

1.0928 

1.0376 
1.0203 
1.0087 
1.0021 
1.0000 
1.0020 
1.0078 
1.0172 
1.0300 
1,0462 
1.0655 
1.0881 
1.1139 
1.1431 

w P / P l  1/11 O/Dl * / A *  ------- RELATIVE TO IDEAL GAS VALUES----- 

a 92 91 
e9290 
-9288 
-9285 
m9280 

.9267 

-9250 
e9241 

9221 

-9201  
-9192 
-9182 

-9165 
-9157 
-9150 

9143 
.9138 
-9133 
-9129 
-9125 

09120 
e9119 
-9118 
-9218 

-9274 

-9259 

.9231 

-9211 

-9173 

,9122 

1.0000 
1.0601 

.9999 

.9997 

.9995 
-999 1 
.9387 
.9984 

$981 
.9378 
.F976 
9974 

.9974 

.9975 

.$977 
-9981 
.9987 . 9993 

1.0001 
1.0310 
1.0020 
1.0331 
1.0042 
1.C054 
1.0066 
1.0078 
1.0090 
1.0102 
1.0112 
1.0120 

1 .oooo 
1.0000 

.9998 
99 96 

.9993 
-9990 
09985 
.9981 
.9975 
e9970 
-9964 
.9957 
995 1 

.9945 

.9939 
e9932 
9926 

09920 
,9914 
9909 

-9903 
,9098 
e9892 
-9087 
m9882 
.9877 
e9871 
-9866 
-9861 
.9855 

1.0000 I 
1.0001 09902 
1.0001 -9904 
1,0001 ,9908 
1.0002 e9913 
1-0001 -9920 
1.0002 -9926 
1.0003 m9934 
1.0005 m9941 
1.0007 -9949 
1.0010 e9957 
1.0011 -9966 
1.0015 -9973 
1.0019 -9980 

1.0030 e9990 
1.0036 e9994 
1.0042. 09997 
1.0049: ,9999 
le0055  1.0000 
1.0062 1 .OOOO 
1.0069 1. 0000 
1.0075 e9999 

1.0087 -9996 
1-0091 -9994 
1.0095 m9993 
1.0098 -9992 
1.0099 09991 
1.0097 -9993 

1.0024 -9985 

1.JO81 -9997 

Ln 
4 



T A d L E  I REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
-050 
. l o 0  
- 1 5 0  
.zoo 
e250 
:3 00 
-350 
-400 
0450 
e500 
0550 
e600 
-650 
-700 
-750 
. E O 0  
e850 
900 

a950 
le000 
1.050 
1 e100 
1.150 
1.200 
1.250 
1.300 

REY/M 

0. 
7.768Et07 
10549Et08 
2 -312Et08 
3 061 E t08  
3.793E to8 
4.503€*08 
5.187E *08  
5 844E to8  
be469 Et08 
7.0626tO8 
7.620E to8  
8.143Et08 
8.627Et08 
9.074E to8 
9.484Et38 
9.855Et08 
1.019Et09 
1 049E t 0 9  
1 075E +09 
1.098f t09 
1.117Et09 
1 133E t 0 9  
1.145Et09 
1 e 155E +09 
1.162€+09 
1.166€+09 

2 

0795 1 
e7951 
m7951 
e7950 
.7949 
.7948 
- 7  946 
.7945 
.7944 
07943 
-7942 
07941 
a7942 
.7943 
.7944 
.7947 
e7950 
.7954 
e7959 
-7965 
07972 
-7980 
07989 
.7999 
.EO10 
.e022 

8035 

F .  T T  2 140 K 

GAMMA 

1.8992 
1.8992 
1.8988 
1.8982 
1.8973 
1.8962 
1.8949 
1.8932 
1.8913 
‘1 889 1 
1 8866 
l e 8 8 3 9  
1.8809 
1.8775 
1.8739 
1.8700 
1.8658 
1.8614 
1.8567 
1.8518 
1.8466 
1.8413 
1.8357 
1.8300 
1.8242 
1.8182 
1.8121 

w 
M/SEC 

219.79 
219.71 
219.46 
219.06 
218.50 
217.80 
216.95 
215 -97  
214.86 
213.65 
212 33 
210.92 
209.42 
207.86 
206 23 
204.55 
202.82 
201.05 
199 26 

195.60 
193 e 74 
191.88 
190.01 
188.14 
186 28 
184.41 

197.44 

P T  = 25 ATM 

P / P T  

1.0000 
.9983 
e 9929 
.9839 
09715 
.9559 
,9315 
e916 1 
.E925 

8668 
.E394 

8104 
.7803 
07492 
a7176 

-6538 
6219 
5904 

.5594 
5290 

.4993 
04705 
e4426 
04157 
r3899 
- 3 6 5 1  

- 6 8 5 8  

1/11 

1 .0000 
.9995 
e9978 
.9951 
a9912 
,9864 
,9805 
.9737 
.9660 
.9575 
e9481 
e9381 

-9159 
-9040 
.E916 
.E788 
.E656 
-8520 
-8381 
e 8240 
-8098 
e7953 
e7807 
e7661 
.7514 
-7367 

-9273 

D T  = 76.671 K G M I W  CON1 I hUEU 

O/OT 

1.0000 
,9989 
9952 

-9890 
9804 

,9696 
9567 
9417 

.9249 
-9064 

8864 
8650 

e8425 
8189 

.7945 
e 7696 

7441 
7 1  83 

e 6923 
e6662 

6402 
e6144 
.5887 
-5635 
e5386 
e5143 
-4905 

A/A* 

I 
11.4122 

5.7335 
3.8535 
2.9228 
2.3719 
2.0111 
1.7593 
1.5754 

1.3308 
1.4371 

1.2479 
1 1829 
1.1319 

1.0637 
1.0372 
1.3201 
1.0086 
1.0021 
1.0000 
1.0020 
1.0077 
1 e0170 
1 0297 
1.0457 
1.0650 

1.0918 

P /PT  1/11 O/OT A/A* W ------- R E L A T I V E  TO I O E A L  GAS VALUES------- 

-9113 
-9112 
.91i)8 
-9103 
-9096 
.9086 
09076 
-9063 
.9050 
-9036 
-9021 
e9006 
.E990 
.e975 
.e960 
.a945 
-8931 
.89 18 
.E906 
.E894 
.8884 
.E875 
-8866 
.e859 
08853 
.8848 
.e 844 

1.001)o 
1.0300 

.9999 

.9995 

.9989 . $984 . $97 9 
9971 

.9966 
9961 

-9956 
.9954 
09953 
09952 
.9955 
.995 9 
e 9966 
09975 

9386 
.9998 

1.0013 
1.0028 
1.0045 
1.0063 
1.0081 
1 C099 
1.0117 

1.0000 
1.0000 

.9998 

.9995 
09992 
.9987 
-9982 
e 9976 
0 9969 
e9962 
.9955 
.9948 

9941 
09933 

9926 
099 19 
-9913 
09906 
-9900 
.9894 
.9889 
.9883 
.9878 

9872 
09867 

9862 
e9851 

1 .oooo 
1.0001 
1.0002 
1.0002 
1.0001 
1.0002 
1 e0004 
1.0004 
1.0006 
1.0009 
1.0013 
1.0018 
1.0030 1.0024 

1.0046 
1 e0037 

1.0056 
1.0066 
1.0077 
1.0086 
1.0099 
1.0110 
1.0121 
1.0132 
1.0141 
1 e0150 
1.0157 

i 
.5845 
.9848 
.9854 
-9863 
,9872 
-9882 
.9895 

9907 
e9920 
.9932 
.9944 
.9955 
-9967 
-9976 . 99 84 
-9990 
.9995 
.9998 

1.0000 .9999 

.9999 
.9998 
99 96 

e 9993 
-9990 . 9987 



TABLE I .  REAL-GAS I S E h T R O P I C  EXPANSIONS OF NITROGEN 

MACH 

0.000 
050 

. l o o  
0150 
.200 
-250 
300 

a 3 5 0  
a400 
a450 
500 

e550 
-600 
-650 
-700 
e750 
.BOO 
-850 
,900 
950 

1 .ooo 
1.050 
1 .loo 
1 m150 

REY/M 

0. 
9.398E t07 
1.874Et08 
2.796Et08 
3.702Et08 
+.586Et08 
5 443E to8 
6 m269Et08 
7.061Et08 
7.816Et08 
80531Et08 
9.204Et08 
9.834Et08 
1.042E t 0 9  
1.096Et09 
1.145Et09 
1 191E t09  
1.231Et09 
1.268Et09 
1.300E t09  
1.327Et09 
1.351E t09  
1.371Et09 
1.388Et09 

L 

.7457 
07456 
.7455 
.7453 
-7450 
.7447 
.7443 
.743 8 
.7434 
e7430 
-7426 

07419 
-7416 
e7415 
e7414 

e7416 
-7418 
e7422 
7427 

07433 
e 7 4 4 1  
07450 

-7422 

-7414 

F. TT = 

GAMMA 

2.1233 
2.1233 
2.1232 
2.1230 
2.1228 
2.1224 
2.1219 
2.1212 
2.1202 
2.1191 
2.1176 

2.1138 
2.1113 
2.1085 
2.1051 

2 e0971 

2.0872 
2.0816 
2.0755 

2.0620 

2.1159 

2.1013 

2.0924 

2.0690 

140 K 

w 
M / SEC 

215.62 
215.53 
215.25 
214.79 
214.15 
213.35 
212.39 
ill. 28 
210.04 
208.68 
207.22 

204.02 

200.55 

205.66 

202.31 

198.74 
196.89 
195 02 
193.12 
191.22 
189.30 
187.39 
185.48 
183.58 

PT = 30 ATM 

P/PT 

1 0000 
.9983 
e9926 
09834 
-9709 
.9549 
-9360 
.9145 

0905 
8645 

-8368 
-8076 
.777 5 
.7465 

7150 
a6832 
-65  14 
e6199 

a5580 
-5279 
04986 
m4702 
,4426 

,5887 

T / T T  

1 .oooo 
.9995 
.9978 
.9949 
-9911 
-9061 
e9802 
.9733 
.9654 
- 9 5 6 8  
.9474 
.9373 
-9265 
-9151 

9032 
e8907 
.a779 
.86*8 
.E512 
,8375 
-8235 

8093 
.7949 
-7804 

DT = 98.112 KGM/M3 CONCLUDED 

D/DT 

1 . 0 0 0 ~  
.9989 
-9951 
m9890 
-9805 
.9697 
-9560 
-9419 
e9251 
906 7 

-8869 
-0657 . 8434 
.8202 
7962 
77 14 
7463 

-7208 
695 1 
6694 
6436 

e6181 
e5927 
5676 

& / A *  

I 
11.3191 
5.6887 

2.9014 
3.8242 

2.3559 
1.9987 
1 7493 
1.5676 
1.4309 
1.3260 
1 e2443 
1.1801 
1.1297 
1.0901 
1.0597 
1.0366 
1.0198 
1.0085 
1.0021 
1 .oooo 
1.0019 
1.0076 
1.0167 

w P /PT  T / T T  D/DT A/A* ------- R E L A T I V E  TO IDEAL GAS VALUES------- 

.E940 

.E930 

.a933 
,8925 
-8915 
-8901 
.E885 
-8867 

8847 
.E826 
.8804 
e8781 
.E758 
.87 35 
-8713 
-8691 
08670 
-8650 
-8631 

8614 
.85 98 
.85 83 
a8570 
08559 

1.0000 
1.0000 

-9996 
e9990 
.9983 
09373 

9964 . 9954 
.9943 
.9933 
-9926 
.9920 
-9917 

9916 
991 8 
9922 

os930 
9942 

09956 
09973 
.9993 

1.0015 
1.0039 
1.0064 

1.0000 
1 .oooo 

.9998 

.9994 

.9990 
09984 
.9978 
09971 
9963 

.9956 

.9948 
,9940 
m9932 
-9924 
99 17 

e9910 
09903 
.9891 
-9892 
e9886 
.9882 
09877 
.9873 
m9869 

1.0000 
1.0001 1.0001 

1.0001 
1.0002 
1.0002 
1.0004 
1.0007 
1.0009 
1.0014 
1 e0019 

1 e0036 
1.0046 
1.0058 
1.0070 
1.0085 
1.0101 
1.0117 
1.0135 
1.0153 
1.0171 
1.0189 
1.0206 

1.0027 

i 
e9765 
-9771 
.9780 
,9790 
09805 
-9821 
.9839 
.9859 
-9870 
.9897 

9915 
99 32 

.9948 
a9961 
.9974 . 9984 
9991 
9996 

.9999 
1.0000 

.9999 

.9997 
.9993 



cn 
0 

TABLE 1. REAL-GAS I S E N T R O P I C  EXPANSIONS OF NITROGEN 

MACH 

O . J O 0  
050 

. l oo  
-150 
.200 
e 2 5 0  
.300 
0 3 5 0  
-400 

- 5 0 0  
-550 

-050 
e700 
-750 
.800 
- 8 5 0  

900 
e950 

1 .ooo 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 

8450 

.boo 

1.350 
1.400 
1 e450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1 .850 
1.900 
1.950 
2 .000 

REY/M 

0 .  
2.848E t o 6  
5.678EtO6 
8.47 3 E  t 0 6  
1 .122E t 0 7  
1.389Et07 
1.649Et07 
1.898E to7  
2.137E t 0 7  
2.364E td7  
2.578E +07 

2.964Et07 
3.136EtO7 

3.434E 607 

2.178E +07 

3.292Et07 

3.561E t 0 7  
3.673Et07 
3.770 E t07  
3.854E t 0 7  
3.923E t37  
3.980E t 0 7  
4.024E t 0 7  
4.057E +07 
4.078E +07 
4.089Et07 
4.090E t 0 7  

4.066€+07 
4.042E t 0 7  
4.012EtO7 
3.975E t o 7  
3.932Eb07 
3.885E t o 7  
3.832E +07 

3.716Et07 
3.653E t 0 7  
3.587Et37 
3.51 9E t u 7  
3.449E t 0 7  

4.082E t 0 7  

3.776Et07 

2 

.9941 

-9942 
-9942 
.9942 
-9942 
-9942 
-9942 
.9942 
-9942 
.9943 
.9943 
.9943 
.9943 
.9944 
.9944 
.9944 
.9945 
.9945 
-9946 
.9946 

9946 
.9947 
.9947 
.9948 
.9949 
.9949 
e9950 
99 50 

-9951 

e9941 

.9951 
-9952 
.9953 
.9953 
.9954 
.9954 
.9955 
.9956 
09956 
.9957 
.9957 

G. 

GAMMA 

1.4092 
1 e4092 

1 -409 1 
1.4091 
1.4090 

1.4091 

1.4090 

1.4089 
1.4089 

1.4088 
1.4087 
1.4086 
1 e4085 
1.4084 
1 e4083 
1.4082 
1.4081 
1.4079 
1.4078 
1.4077 
1.4076 
1.4074 
1.4073 

1.4070 

1.4068 

1.4065 

1 a407 2 

1.4069 

1.4067 

1.4064 
1 e4063 
1.4062 

1.4059 

1.4057 

1 e4061 

1 e4058 

1.4056 
1.4055 
1.4054 
1.4053 
1.4053 

T T  = 150 

W 
M/SEC 

249.00 
248.94 
248.75 

248.01 
247.45 

245.99 
245.09 

242.97 

240 -45 
239.05 
237.57 
236.01 

232.68 

229.09 

225.30 
223.34 
221.34 
219.31 
217 - 2 5  
215.17 
213.07 
210.95 
208.82 
206 69 
204.55 

200.27 

248 e44 

246 78 

244. a8 

241.75 

234.38 

230.91 

227.22 

202 e41 

198.13 
196 00 
193.88 
191.77 
189.67 
187 e59 
185.52 

K P T  

P / P T  

1.0003 
.9983 
.9933 
.9844 
.9725 
.9575 
.9395 
e9188 
.89.57 
.a702 
-8430 
.ai41 
a7840 

e7209  
.752 9 

.be85 
-6560 
-6235 

5913 
.5595 

5283 
.4979 
.46@4 
.4399 
-4125 
-38t 1 
-3610 
,3371 
-3143 

2928 
,2725 
2534 

-2354 

-2027 
1879 

m174 1 
-1613 

1493 
-1382 

1279 

.2185 

= 1 A T H  DT = 2.289 KGH/M3 

1/11 

1.0000 
.9995 
09980 
.9955 
-9920 
-9876 
-9822 

,9689 
.9609 
-9522 

e9760 

94 27 
-9326 
-9218 
-9104 
.E985 
e8862 
.a734 
-8602 
-8467 
.e329 

-8047 
-7903 
.7759 
e7613 
.7468 
e7323 
-7178 
87034 
e6890 
06748 
e6607 
-646 8 
a6331 
e6195 
e6061 

5801 
e5674 . 554 9 

-8189 

.5930 

D/OT 

1.0000 
.9988 

.9889 

.9803 

.9695 

.9565 

- 9  244 
-9055 
.E852 

-8405 
.e165 

.7661 

- 7  137 

.6605 
.6340 
-6078 

.5563 

.5313 

.5068 
,4830 
.4599 
.4375 

41 59 
.3951 
m3751 
.3558 
.3374 

3198 
3029 

e2869 
27 16 
2570 

e2432 
2301 

.9950 

94 14 

8635 

7 9  16 

e7401 

6871 

-5818 

A/  A* 

I 
11.5888 
5 8205 
3.9094 
2.9628 
2.4021 
2.3345 

1.5897 
1.4485 
1.3397 
1.2549 
1.1882 
1 .1356  
1.0944 
1.0624 

1.0207 
1 e0089 
1.0022 
1.0000 
1.0020 
1.0079 
1.0175 

1 a7775 

1.0382 

1.0304 
1.0467 
1.0663 

1.1149 

1.1761 

1.0890 

1.1439 

1.2116 
1 e2502 
1.2922 
1.3376 
1.3865 
1.4390 
1.4953 
1.5554 
l n t 1 9 5  
1.6877 

W P / P T  T / T T  D/DT A/A* ------- P E L A T I V E  TO IDEAL GAS VALUES------- 

.9974 

.9974 

.9974 
.9974 
.9974 
.99 7 4  
.9973 
.9973 
.9973 
-9913 
-9972 
09975 
-9972 
-9972 
-9971 
.9971 
-9971 
.9971 
,9970 
-9970 
.9970 
-9970 

-9970 
-9970 
.9969 
-9969 
e9969 
.996? 

.9969 

e9970 

09969 

m9969 
e9969 
.9969 
.9970 
-9970 
-9970 
-9970 
e9970 
. 9 F 7 0  
.9970 

1.0000 
1.0000 
1.0000 
1.0000 
1.0300 
1.0000 
1.3001 
1.0001 
1.0001 

.9999 . s999 

.9399 

.9999 
89399 
.9999 

1 ..Id30 
1. 0000 
1.1300 
1.0300 
1.0000 
1.0000 
1.c001 
1. 11 101 
1.0301 
1.0J02 
1.0302 
1.0J02 
1.0303 
1.0003 
1.0003 
1.0003 
1.0004 
1.0004 
1. JO34 
l .WO4 

1.0004 
1. h 0 4  

1.C004 
1 -0J04 

1.0004 
1.0004 

1 .0000 
1.0000 
1. 0000 
1.0000 
1.0000 

.9999 

.9999 

.9999 

.9999 
.9498 . 9998 
09998 
.9997 
.9997 
.9997 
.9996 
a9996 
.q996 
.9995 
.9995 
.9994 
.9994 
.9994 
,9993 
.9993 
.9993 
-9992 
-9992 

9992 
m9991 

9991 
09991 
e9990 
-9990 
.9990 
.9989 
.9989 
.99 89 
.9988 

9988 
09988 

1.0000 1.0000 

1.0000 1.0000 

1.0001 1.0001 
1.0000 

1.0001 
1.0002 
1 .oooo 
1.0000 
1.0000 
1.0000 
1.0000 
1.0001 
1.5001 
1.0001 
1.3031 
1.0001 
1.0001 
1.0002 
1.0002 
1.0002 
1.0002 
1.3002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 1.0002 

1.0002 1.0001 

1.0001 1.0001 

1.0002 
1.0002 
1.0002 
1.0002 

1.0000 

i 
.9998 . 9998 
.9998 . 9998 
.99 97 . 9997 
.99 97 
.9997 
.9993 
.9999 
.9999 
.9999 

1.0000 
1 .0000 
1.0000 
1 .0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1 .0000 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0000 
1 .0000 
1.0000 
1. ooou 
1.0000 
1 .0000 
1. OOJO 
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 



TABLE I .  REAL-CAS ISEhTROPIC EXPANSIONS OF NITROGEN 

MACH 

0 .ooo 
a050 
. loo 
-150 
.zoo 
-250 
300 
.350 
400 

.450 
0500 

550 
-600 
-650 
e700 
e750 
.a00 

850 
e900 
.950 

1.000 
1 .os0 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1 e450 
1 e500 
1.550 

1 e650 
1 e700 
1+750 
1 .BOO 
1.850 
1 e900 
1.950 
2.000 

1.600 

cn 
A 

REY/M 

0. 
8 e 5 1  1 Et06 
1 a697Et07 

3 353E t 07 
4.153E +07 
4.929EtO7 
5.676E t 0 7  
6 390E to7 

7 e71 1 E t07  
8.312E+07 

2.533Et07 

7.070E +07 

8.870E +07 
9.385E tO7 
9.856E +07 

1.066E + O B  
1.028E*08 

1 .100E t o8  
1 130E t o 8  
1.155E+38 
1.176Et08 
1 194E tS8 
1.207€+08 
I 21 7E t o 8  
1.224E+08 
1.228€+08 
1.228€+08 
1.226Et08 
1*222E+08 
l.Z15E+O8 
1.206E +38 
1.195€+08 
1.183E t 38  
1.168E+08 
1.153€+08 
1 136€+08 
1. l l8E +08 
1 099E to8 
1.08OEt08 
1*059E+;)8 
1.038Et08 

L 

e9824 
09824 
e9824 
,9824 
e9824 
.9824 
.9825 
.9825 

-9826 

,9827 
.9828 

a9825 

-9826 

e9829 
e9829 
-9830 
-9831 
-9832 
.9834 
.9835 
-9836 
.9838 
-9839 
-9841 
-9842 
.9 844 
,9845 
.5847 
.9 849 
.9851 
e9852 
.9854 
.3856 
.9858 
e9860 
986 1 

-9863 
.3865 
.9867 

.9870 
09868 

G. TT = 

GAMMA 

1.4282 
1.4282 
1.4281 

1 e4279 

1.4216 
1 4274 
1.4272 

1.4267 
1 e4265 
1.4262 

1.4280 

1.4278 

1.4270 

1.4258 
1.4255 

1.4248 

1.4240 

1 e4252 

1.4244 

1 e4237 
1.4233 

1 e4225 

1.4217 
1.4213 
1.4209 
1.4205 
1.4201 

1.4194 
1 e4190 

1.4229 

1.4221 

1.4198 

1.4187 
1.4183 
1.4180 
1.4177 
1.4174 
1.4173 

1.4165 
1.4162 

1.4168 

150 K 

w 
M/SEC 

247.69 

247.43 

246.68 
246.12 
245.44 
244.64 
243.14 
242.72 
241.60 
240.38 
239.07 
237.67 
236.18 
234.62 
232.98 

229.52 
227.70 
225.83 
223.91 
221.95 
219.96 

215.89 

211.73 
209.63 
207.51 
255.39 
203.27 
201.14 

196.95 
194.79 
192.68 
190.59 
188.51 

184.39 

247.62 

247.12 

231.28 

217.94 

213.82 

199.02 

186.44 

PT = 3 ATH 

P /PT  

1 .oooo . 9983 
-9931 . s 845 
e9725 
.s574 
.9394 
,9187 
.a955 
-8701 
ma429 
-8141 
.7839 
.7527 
-7209 
e 6 8 8 5  
-6560 
a6236 

5596 
-5913 

-5284 

-4686 
-4401  

- 3  864 
-3613 
.3373 
3146 

-2931 
2728 

-2536 

-2187 
2029 

.1881 
-1743 

1614 
e1494 

1383 
.1280 

.4q81 

e4127 

-2356 

T/TT  

1 .oooo . 9995 
e9980 . 9955 
a9920 
.9875 
e9821 
.975 8 
a9686 
.9606 

-94 24 
-9519 

.9321 
e9213 
,9099 
.e979 
.a855 

.a594 
.a458 
-8320 
8180 

e8037 
.7893 
.7749 
.76 03 
a7458 
,7312 

-7022 
-6879 
-6737 

-6456 
.6319 
'.6183 
-6049 
-5918 
.5788 
5661 

,5536 

,8726 

,7167 

-6596 

DT = 6.951 KGM/M3 CONTINUED 

D/DT 

1 .oooo . 9988 
.9951 
-9890 
-9803 
.9694 
-9564 
.9413 
.9243 
-9056 
.a853 
-8635 
.8406 
-8166 
.7918 
.7663 
.7403 
-7139 
-6874 
.6608 
.6343 
6081 
e5821 
.5566 
.5316 
-5071 
.4833 
-4602 
.4378 
-4162 
.3954 
.3753 
-3565 
.3375 
.3199 
.3030 
-2869 

-2571 
e2716 

2432 
2300 

A / A *  

I 
11.5842 

5.8180 
3.9077 

2.4015 

1.7772 
1.5896 

2.9619 

2.0341 

1.4482 
1.3395 
1.2547 
1.1880 
1.1355 
1.0943 
1.0624 
1.5382 
1.0207 
1.0089 
1.0021 
1 .0000 
1.0020 
1.0079 
1.0174 
1.0304 
1.3467 
1.0662 
1.0889 
1.1148 

1.1760 

1.2501 
1.2924 

1.1438 

1.2114 

1.3378 
1.3868 
1.4394 
1.4957 
1.5559 
1.6201 
1.6885 

O/OT A / A +  W P /PT  T / T T  ------- RELATIVE TO IDEAL GAS VALUES------- 

-9921 
e9921 
e9921 
-9921 

9920 
e9920 

9919 
.9919 
.9918 
-99 17 
-9916 
99 16 

-9915 

a9913 
9912 

9911 

-9914 

-9912 

-9910 

.9909 

-9908 
e9908 
.9907 
.9937 
-9907 
-9907 
.9907 
-9907 
.9907 
-9907 
-9907 
-9907 
.9937 

9908 
,9908 

9908 
.9909 
-9909 
.9909 

-9910 

e9908 

1.cooo 
1.0000 
1.0000 
1.0001 
1.0000 

.9999 

.9999 

.9999 

.9999 

.F999 

.9999 

.9999 

.9999 

.9999 

.$999 
1. 0300 
1. ~100 
1.0001 
1.0001 
1.0002 
1.0003 
1 0004 
1.0005 
1 0006 
1 0007 
1.3J08 
1.0009 
1.J310 
1.0011 
1.0012 
1.0013 
1.Ci114 
1.0014 
1.0013 

1.0013 
1.0014 
1.0013 
1.0013 
1.0013 
1.0013 

l.dO13 

1.0000 
1 .ooolJ 
1.0000 

.9999 

.9999 . 9999 

.9998 
,9997 
-9996 
-9996 
.9995 
09994 
.9993 
-9992 
e9991 
.9989 
.9988 
.9987 . 99 86 
.9985 
.9984 
.9983 
-9982 
-9981 
e9980 
.9919 
.9978 
.9977 
e9976 . 9975 
.9974 
.9973 
.9973 
-9972 
-9971 
a9970 
-9969 
.9968 
9967 

e9966 
-9965 

1.0000 
1 .oooo 
1.0001 
1.0001 
1.0000 
1.0000 
1.0000 
1.0000 
1 . O O O l  
1.3001 
1.0001 
1.0001 1.0002 

1.0002 
1.0003 
1.0003 
1; 0004 
1 e0004 
1.0005 
1.0006 
1.0006 
1.0007 
1.0007 
1.0008 
1.0008 
1 0009 
1 a0009 
1.0009 
1 e0009 
1 e0009 
1 e0009 

1.0009 
1.0007 
1.0006 
1.0005 
1.3004 
1 0003 
1.0002 
1.0001 
1.0000 

1.0009 

1 
.9994 
.9993 
.9993 
.9994 . 9995 
.9995 
9996 

.9996 

.9997 

.9997 

.9998 

.9998 

.9999 . 9999 
1.0000 
l.0000 1.0000 

1 1.0000 .ooou 

1.0000 
1.0000 
1.0000 
1.0000 

,9999 
.9999 
.9999 
.9999 
.9999 
,9999 
,9999 
.9999 . 9999 

1.0001 
1.0002 
1.0002 
I .  0003 
1 a0003 
1.0004 
1.0005 1.0006 



TABLE I .  REAL-GAS I S E N T R O P I C  EXPANSlONS OF NITROGEN 

HACH 

0.000 
0050 . 100 
-150 
0200 

250 
.300 
-350 
e400 
0450 
-500 
0550 
,600 

700 
-750 
.800 
.850 
0900 
-950 

1. 000 
1 .os0 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 
1 e500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1 e850 
1 900 
1 e950 
2.000 

.650 

REY/H 

0. 
1.414E to7 
2. 819E *07 
4 2 0 8E + 07 
5.571E *07 
6.900€*07 
8.190E *07 
9.432€*07, 
1. 062E 408 
1.175€*08 
1.282€+08 
1.382Et08 
1.475€*08 
1.561€*08 
1 639E+08 
1 e71 1 E *08 
1.774E*08 
l o  831E to8  
1.881 € + O B  
1.923Et08 
1 o959E *08 
1.988€*08 
2.011E*J8 
2.029€*08 
2.040E *O 8 
2.047€*08 
2.049€*08 
2.046€*08 
2.039E *08 
2.028E *08  
2.013E * 0 8  
1.996E * 0 8  
1.975€*08 
1.952€*08 
1.926Et08 
1.899Et08 
1.869Et08 
1.838Et08 
1.806E*08 
1.772E*08 
1 e737E *08  

z 

09704 
m9704 
09704 
e9705 

9705 
9705 

,9706 
09706 
-9707 
09708 
-9709 
09709 
09711 
09712 
09713 
-9715 

971 6 
m9718 
-9720 
-9722 
,9724 
e9726 
09729 
.9731 
09734 

9736 
,9739 
i 9 7 4 2  
.9745 
09747 

9750 
e9753 
e9756 
.9759 
m9762 
-976 5 
-9768 
-9771 
09774 
.9777 
09780 

GAMMA 

1 .44e4 
1 4484 
1.4483 
1 4482 
1.4480 
1 . M 7 8  
1.4475 
1.4472 
1.4468 
1 e4464 
1.4460 
1.4455 
1.4450 
1.4444 
1.4439 
1.4433 
1.4427 

1.4414 
1 4407 
1 e440 1 
1.4394 
1.4387 
1.4380 
1.4374 
1 m4367 
1.4360 
1.4354 
1.4347 
1.4341 
1.4334 
1.4328 
1.4322 
1.4316 
1 e431 1 

1.4300 
1.4295 
1.4290 
1.4285 
1.4280 

1.4420 

1.4305 

150 K 

w 
M/SEC 

246.38 
246.31 
246.12 
245 80 
245.36 
244 e 79 
244.10 
243.30 
242.38 
241 e36 
240.23 
239.00 
237 68 
236.27 
234 78 
233.21 
231 057 
229.86 
228.10 
226.28 
224. 4 1  
222 50 
220.55 
218.56 
216.55 
214.51 
212.45 
210.37 
208.28 
206.18 
204.07 
201.96 
199.85 
197.74 
195.64 

191 e45 
189.38 
187.31 
185.27 
183.23 

193.54 

P T  = 5 ATM 

P/PT 

1.0000 
.9983 

9931 
.9844 

9724 
.9574 
.9353 
-9186 

8701 
08428 . 8140 
.7839 
07526 
-7207 

,6559 
me235 
-5913 
a5596 

5284 
-4981 
04687 
-4402 
04128 
-3865 
-3614 
.3375 
e3148 

2933 
,2729 

2538 
~ 2 3 5 8  
2 1  89 

e2031 
1883 

. I 7 4 5  
1616 

e 1496 
1384 . 1281 

. e954 

.be84 

1/11 

1 .oooo 
09995 
09980 
09954 
09919 
09874 
09820 
-9756 
e9684 
m9604 
e9515 
09420 
e9317 
9 9208 
e9093 . 8973 
08848 
-8719 
a8586 . 845 0 
08312 
-8171 
08028 
.7884 
07739 
.7593 
.7447 
e7302 
.7156 
01012 

06725 
e6584 
6445 

-6307 
-6171 
.6037 
05906 
-5776 
-5643 
-5524 

-6868 

DT a 11.727 KGM/M3 CON1 I NU ED 

D/DT 

1.0000 
.9988 
09951 
09889 

9803 
9695 
9564 
9414 
9244 
9057 

-8854 
86 37 

-8408 
me167 
e7918 
7664 
7404 

,7140 
6875 

-6610 
m6345 
e6082 
5823 

e5568 
05318 
-5074 
.4835 
e4604 
-4380 
a4164 
.3955 
.3755 
e3562 . 3377 
-320L 
03032 

2871 
-2717 

2571 
.2433 

2301 

A/A* 

I 
11 -5763 

5 e8140 
3.9054 
2.9599 
2.4000 
2.0329 
1 e7762 
1.5887 
1.4475 
1.3389 
1.2542 
1.1875 
1.1353 
1.0942 
1.0623 
1,0382 
1.0206 
1.0089 
1.0022 
1 .oooo 
1.0020 
1.0079 
1.0174 
1.0304 
1 e0467 
1.0662 
1.0889 
1.1148 
1 1438 
1.1760 
1.2115 
1 e2502 
1.2922 
1.3377 
1.3867 
1.4393 
1.4957 
1.5560 
1.0203 
1.6888 

w P / P T  1/11 D / D l  * / A +  ------- RELATIVE TO IDEAL GAS VALUES----- 

-9869 
-9869 
e9868 
e9868 
,9867 
e9866 
09865 
-9864 
.9863 
9862 

-9860 
.9859 
.9 857 
,9856 
.9854 
09853 
-9851 
-9850 
.9849 
.9848 
.9847 
.9846 
.9845 
.9845 
09844 
.9844 
.9843 
.9843 
.9843 
.9843 
,9843 
09843 
.9843 
.9844 
.9844 
09844 
.9845 
.9845 
m9846 
.9846 
.9847 

1.0000 
1.oi)oo 
1.0001 
1.0000 

09999 
.9999 
09999 
.9998 
.9998 
.9998 
,9998 
.9998 
09998 
09996 
.9997 
09997 
09998 
e9999 

1.0000 
1.OJO1 
1.0003 
1 0004 
1.0006 
1.0008 
1.0010 
1.0011 
1.0013 
1.0015 
1.0916 
1.0018 
1.0019 
1.0020 
1.0021 
1 . 0022 
1.0023 
1.5323 
1.0023 
1.0323 
1.0023 
1.0523 
1.0022 

1 .oooo 
1. 0000 
1.0000 

.9999 
e9998 
.9998 
09997 
.9995 
09994 
,9993 

9991 
e9990 . 9988 
09986 
.9984 
09983 
09981 
09979 
,9977 
09976 
.9974 
e9972 
09971 
-9969 
e9967 
.9966 
e9964 
.9963 
9 9961 
m9960 
09958 
.9957 
.9955 
09954 

9952 
,9951 
.9949 
09948 

9946 . 9945 
.9944 

1.0900 
1.0000 
1.0001 
1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.0002 1.0002 

1 e0003 
1.0004 
1.0003 
1 0003 
l e 0 0 0 4  
1 0005 
1.0007 1.0006 

1.0008 
1.0009 
1.0009 
1.0010 
1.0011 
1.0012 
1.0013 
1 1.0013 e0013 

1.0014 
1 e0014 
1.0014 
1 00013 
1.0013 
1.0012 
1.0011 
1.0010 
1.0008 
1.0007 
1.0005 1.0003 

1.0001 

1 
9986 
99 86 

.9988 

.9989 . 9989 
-9990 

9991 
-9992 
,9993 . 99 94 
.9994 
.9997 
.9998 . 9999 
09999 

. 9987. 

1.0000 1 .oooo 

1.0000 1.0000 

1.0000 1.0000 

1.0000 1.0000 

.9999 . 9999 

.9999 

.9999 
.9999 
.9999 
.9999 

1.0000 
1.0000 
1.0001 
1.0001 
1.0002 
1. 0003 
1.0005 1.0006 

1.0008 



TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
e 0 5 0  
. loo  
-150  
.zoo 
.250 

300 
.350 
.400 
-450 
-500 

-600 
-650 
.700 
.750 
.800 

850 
,900 

1.000 
1.050 
1 .loo 
1.150 
1.200 
1.250 
1 300 
1.350 
1 e400 
1 e450 
1.500 
1.550 
1.600 
1 .t 50 
‘1 .700 
1.750 
1 . E O 0  
‘1e.850 
1.900 
1.950 
2 .ooo 

e550  

-950 

REY/M 

0. 
2 -253 E to7 
4.493Et07 
6.706Et07 
8.878ft07 
l.lO>EtJE 
1.306EtO8 
1.5 04f t)8 
1.693Et08 
1.874E to8 
2 O 4 4 E  to8 
2.204Et08 
2.353Et08 
2.491Et08 
2.t 17EtO8 
2.731 E e08  
2.834E to8 
2.92 5E t 08 
3.005Et08 
3.074 E to8 
3.133Et08 

3.219E to8 

3.279E to8 

3.280.5 t08 

3 180E to8 

3.247E tJ8 
3.267E t o 8  

3.283Et08 

3.269E to8 
3.253Et08 

3.204E t o 8  
3.231Et08 

3.172Et08 
3.136E e08 
3.096Et08 
3.052Et08 
3.006EtJ8 

2.90% +08 
2.956Et08 

2.851Et08 
2 79 5E t o 8  

2 

-9523 
-9523 

09523 

-9524 
e9525 

-95 23 

-9524 

.9525 

-9527 
,9528 
-9530 
-9531 
,9533 
.953 5 
.9537 
.9539 
-9542 
.9545 
.9548 
-9551 
09554 
.9558 
e9562 
,9566 
.9570 
.9574 
-9578 
.9583 
.9587 
e9592 
e9596 
e9601 

9526 

-9606 

-9615 
-9620 

-9011 

-9625 
e9629 
e9634 
-9639 

G. TT = 

GAUHA 

1.4813 
1 a4813 
1.4812 
1.4809 

1.4803 
1.4798 
1.4793 
1.4787 
1.4781 
1.4773 
1.4766 
1.4757 
1.4740 
1.4739 
1.4729 

1.4807 

1.4719 
1.4709 
1.4698 
1.4687 
1.4676 
1.4665 
1.4654 
1.4642 
1.4631 
1.4620 
1 e4609 
1.4598 
1.4587 

1.4566 
1.4555 

1.4576 

1.4545 
1.4535 
1.4526 
1.4516 
1.4507 

1.4490 
1 e4499 

1 e4482 
1.4474 

150 K 

W 
M / SEC 

244.42 
244 36 
244.16 
243.83 
243.38 

242.10 
241.28 
240 35 
239.30 
238.16 
236.91 

234.15 
232.65 

242.80 

235.58 

231 .a7 
229.42 
227.70 
225.93 
224 11 
222.24 
220 34 
218.39 
216.41 
214.41 

210.33 
238.27 
206.20 
204.12 

199.94 

195.77 

212.38 

202.03 

197.86 

193.69 
191.62 
189.56 
187.51 
185.47 
183.45 
181.44 

P T  = 8 ATH 

P/PT 

1.5000 
.9983 
993 1 

.984 3 
-9724 
.9573 
.9393 
e9185 
-8952 
-8698 
-8425 
-8136 
.7835 
-7524 
.7205 

-6558 
-6234 

,6882 

.5913 
-5596 

5285 
,4983 
.4689 
.4404 
.4131 
e3868 
,3617 
.3370 
e3151 
-2936 

-2542 
-2733 

2362 
,2192 
2034 
1886 

.1748 
-1619 
-1499 
e1387 
.1283 

T / T T  

1.0030 
.9995 
.9979 
99954 
-9918 
-9873 
a9818 
.9754 
-9682 
.9599 
e9510 
e9414 
-9310 
.9201 
.9085 
.a964 
08839 
.a709 
.85 75 
.a439 

8299 
-8158 
.8015 
-7870 
.7725 
.7579 
.7433 
.7287 
*7141 
-6996 
e6852 
-6709 
-6568 
.6428 
e6290 
e6154 
-6020 
.5889 
.5759 
a5632 
.5507 

DT = 19.120 KGM/M3 CON1 INUEO 

O/DT 

1.0300 
.9988 
-9952 
.9889 
.9803 
-9695 
,9565 
m9415 
.9244 
.9057 
.E854 
.e637 
-8408 
.a169 

.7666 
7921 

7407 
-7144 
.6  879 
.6614 
.6350 
e6087 
-5828 
0 5573 
.5323 
-5079 
-4841 

-4386 
.4169 
.3960 
.3759 
-3566 
-3381 
-3204 
-3035 

-2720 
.2573 

.2302 

.4bi0  

-2873 

2434 

b/A*  

I 
11.5640 
5.8077 
3.9016 
2.9572 
2.3979 
2.0312 
1 7749 
1.5679 
1.4469 
1.3385 
1.2539 

1.1351 
1.0940 
1.0622 

1.1874 

1.0381 
1.0206 
1 .do88 
1.0021 
1 .oooo 
1.0021 
1.0080 
1.0175 
1.0304 
1.0467 
1 e0662 
1.0888 
1.1147 
1.1437 
1.1759 
1.2113 
1.2500 
1.2921 
1.3376 
1.3867 

1.4959 
1.5563 

1.6894 

1.4394 

1.6207 

w P / R T  T/TT O/DT A/A+ 
-------RELATIVE TO IDEAL GAS VALUES------ 

-9790 
.9790 
a9790 
,9189 
-9788 
09786 
.9784 
-9782 

9780 
09778 
,9775 
.9773 
-9770 
,9767 
-9765 
-9762 
-9760 
.9758 
-9756 
.9754 
-9752 
,9750 
.9 749 
.9748 
.9747 
.9746 
.9745 
.9745 
.9745 
.9744 
.9745 
,9745 
.9745 
.9745 
-9746 
.9747 . 9747 
.9748 
.9749 
9750 

.9751 

I. 0000 
1.0000 
1.0001 

.9399 
,9999 
09998 
.9998 
09997 
.9995 
.FJ94 
.9994 
.9393 
.9993 
.9994 
.9994 
.9995 
99996 
.9998 

1.0000 
1.0002 
1.JJ05 
1 0007 
1.0009 
1.0012 
1.0015 
l.OJ18 
1.0021 
1.0024 
1 0027 

1.0032 
1.0330 

1.0034 
1.0036 
1.0037 
1.0039 
1.0039 
1 . 0040 
1.0040 
l.OJ39 
1.0038 
1.0037 

1.0000 
1.0000 

.9999 
99999 
.9997 
e9996 
.9994 
99993 

9990 
99988 
e9986 
-9903 
e9981 
.9978 
.9975 
.9973 
09470 
.9967 
99965 
e9962 . 9959 
.9957 
.9954 
-9952 
.9949 
99947 
.9944 
99942 
-9940 
09937 
.9935 
.9933 
m9931 
99928 
e9926 

9924 
09921 
99 19 

09917 
e9914 
09912 

1.0000 
1 .oooo 
1.0002 
1.0000 
1.0001 
1.0001 
1.0002 
1.0002 
1.0001 
1.0002 
1.0002 
1.0003 
1 e0004 
1.0005 
1.0006 
1.0008 
1.0009 
1.0011 
1.0013 
1.0014 
1.0016 
1 e0017 
1.0019 
1.0020 
1.0021 
1.0023 
1.0024 
le0025 
1.0025 
1 0025 
1.0025 

1 e0024 
1.0023 
1.0021 
1 0019 
1.0017 
1.0015 
1.0012 
I .0008 
1.0005 

1.0025 

i 
-9976 
.9976 
.9978 
.9979 
e9980 
9981 
9982 

99986 . 9988 
e9990 

9992 
.9993 
.9995 
.9996 
.9998 . 9999 
.9999 

1.0000 
1.0000 1.0000 

1 1.0001 .oooo 
1.0001 

1.0000 
.9999 
,9999 . 9999 
-9998 
9998 

.9998 . 9999 
1.0000 .9999 

1.0001 
1.0002 
1.0004 
1 0005 
1.0007 
l.UQl0 
1.0013 

E 



TABLE I REAL-GAS ISENTROPIC E X P A N S I O N S  O F  NITROGEN 

UACH 

0.000 
-050 
. l oo  
-150 
.200 
e250 
-300 
-350 
.430 
.450 
.500 
.550 
.600 
-650 
e700 
-750 
.a00 
.850 
-900 
a950 

1.000 
1.050 
1.100 
1 e150 
1.200 
1.250 
1 e300 
1 350 

1.450 
1.500 
1.550 

1.400 

1.600 
l e t 5 0  
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 

R E Y / H  

0. 
2.811E +07 
5.604Et07 
8.364E t o 7  
1 107E t o 8  
1.372Et08 
1 62 BE t o 8  
1.876Et08 
2.112E t 3 8  
2.338E*08 

2.937Et08 

2.551E t o 8  
2.751 Et08 

3 . 109E t o 8  
3.267Et08 
3.41OEt08 
3.539Et08 
3.654E to8 
3.755E t o 8  

3.976Et08 

3.842E*08 
3.916E to8  

4.025E t o 8  

4 088E t o 8  
4.062E t o 8  

4.104EtO8 

4 . 1 0 5 ~  t o 8  

4.048E to8 

3.975Et08 

3.827EtO8 
3.770E*08 

4.109Et08 

4.094E t08 
4 e074 Et08 

4.014Et08 

3.931Et08 
3.881EtO8 

3.708Et08 
3.644E *08 
3.577Et08 
3.508EtO8 

2 

9400 
-9400 
-9400 
-9401 

-9401 

.9403 
-9404 
-9405 
-9496 
.94oFI 
. 9 4 w  
-9411 
e9413 
-9416 
-9419 

9425 
e9428 
a9432 
-9436 
e9441 
.9445 
09450 
.9455 

9460 
-9465 
-9471 
,9476 
-9482 
.9488 
,9494 
09499 
-9505 
.9511 
e9517 
.9523 
,9529 
.9535 
09540 

e9401 

9402 

-9422 

G. T T  = 150 K 

GAMUA 

1.5052 

1.5050 

1.5043 

1.5033 
1.5026 
1.5019 
1 e5010 
1.5001 
1.4991 
1.4981 
1.4969 

1.4945 
1.4932 

1 e4905 
1.4892 
1.4877 
1.4863 
1.4849 
1.4834 
1.4820 
1.4805 
1.4791 
1.4777 
1.4763 
1.4749 
1.4735 
1.4722 

1.5051 

1.5047 

1.5039 

1.4958 

1.4919 

1.4709 
1.4696 
1.4684 
1.4672 
1.4660 
1.4649 
1.4638 
1.4627 
1.4617 

W 
W/SEC 

243 13 

242.86 
242.53 
242.07 

240.77 
239 94 

237 a93 

235.51 
234.16 
232.73 
231.21 
229.62 
227 -96 

243.06 

241 -48  

238.99 

236.77 

226.24 
224 -46 
222.64 
220.77 
218.86 
216.91 
214.94 
212.94 
210.92 
208.88 
206.83 
204.77 

200.63 

196.48 

192.35 

202 -70 

198.55 

194.41 

190.30 
188.25 
186.22 
184.20 
182.20 
180.21 

P T  = 10 A T H  DT = 24.212 UGH/H3 CaNT I hUEO . 

P I P 1  

1 .oooo 
.S983 
.9932 
.9843 

9724  
.957 3 

9391 
-9183 

8950 
-8696 
-8423 
e8134 
.7833 
-7522  
-7204 
-6882 
-6557 
-6233 
-5912 

5556 
e5286 
-4983 
-4690  

4406 
04132  
e3870 
0 3 6 1 9  
a3380 
.3153 

2938 
2735 

e2544 

02195  
-2036 
,1888 
-1749 

1625 
1500 
1388 
1284 

.2364 

T / T T  

1 .oooo 
.9995 
.9979 
.9953 
.9918 
-9872 
09816 
-9752 
9678 

,9597 
9507 
941 0 

-9306 
.9196 
-9080 
08958 
,8832 
8702 

,8568 
-8431 
-8292 
-8150 

8006 
-7861 
07716 

07423 
-7277 

-7569 

-7131 
a6986 
-6842 
a6699 
e6557 
06418 
e6280 
06143 
-6009 
.5877 
05748 
05620 
.5495 

D / D T  

1.0000 
.9988 
e9952 
.9889 
-9804 
.9696 
9564 

.94 14  
9244 

.9057 
.e 854 
-8638 
-8409 

-7923 

.7409 

8170 

7669 

7147 
a6882 
-6617 

6353 
-6091 
.5833 
.5578 

5328 
-5084 
.4 845 
-4613 
.4389 
-4173 
- 3  964 
,3762 
.3569 
.3384 
-3207 
3037 

-2875 
.2721 
-2575 

2303 
-2435 

A/A* 

I 
11.5551 

5.8037 
3 .E988 
2.9551 
2 t 3 9 6 3  
2.0303 
1.7742 

1.4464 
1.3381 

1.1872 

1.0939 

1.0380 
1.0206 
1.0088 
1.0021 
1.0000 
1.0025 
1.0079 
1.0173 
1.0303 

1.0662 

1.5872 

1.2536 

1 1349 

1.0621 

1.0465 

1.0889 
1.1147 

1.1759 

1.2501 
1.2922 
1.3377 
1.3868 
1 e4396 
1.4961 
1.5567 

l e 6 9 0 1  

1.1437 

1.2113 

1.6212 

w P/PT T / T T  D / D T  A/A* _--_-- RELATIVE TO IDEAL G A S  VALUES------- 

.9739 
09738 
.9738 
.9737 
.9735 
.9733 
e9731 
-9728 
e9725 
-97  22 
09718 

9715 

-9708 
-9704 
a9701 

e9695 
e9692 
a9689 

9687 

-9711 

-96  98 

-96  85 
,9683 
-9681 
-96 80 
-9679 
.9670 

9677 
e9677 

9677 
.96 77 

9677 
e9677 

e9679 
9679 

e9680 
09681 

9682 
e9683 

9684 

-9678 

l.COO0 
1.0000 
1.0001 

.9999 

.9999 

.9998 
,9996 
.9594 . 9993 
-999 2 

9992 
-9991 
-9991 

9991 
,9992 
.9993 
.9995 
09997 
.9999 

1.0002 

1.3309 
1.0013 
1.0017 
1.0021 
1.0025 
1.0J27 
1.0031 
1.0035 

1. a006 

1.0038 
1.0041 
1 0044 
1.0046 
1 0048 
1.0050 
1.0051 
1.0051 
1.0051 
1.0051 

1.0048 
1.0050 

1 .oooo 
1.0000 

.9999 

.9998 
,9997 
.99 95 
.9993 

9991 
09988 
.9985 
09982 
.9979 
-9976 
.9973 
-9969 
-9966 
-9963 
.9959 
-9956 
09953 
e9950 
.9947 
.9944 
-9941 
.9938 
,9935 
-9932 
-9929 
09926 
e9923 

9920 
e9918 
-9915 
,9912 

9909 
-99 06 
-9903 
09900 
.9898 
.9895 
a9892 

1.0000 
1.0000 
1.0002 
1.0001 
1.0001 
1.0002 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0004 
1.5005 
1 0007 
1.0009 
1.0011 
1.0013 
1.0015 
1 0017 
1.0020 
1.0022 
1.0024 
1 0027 
1.3029 
1.0031 
1.0033 

1.0033 
1.0032 

1.0034 
1.0035 

1 a0034 
1.0033 
1 a0032 
1.0030 
1.0028 
1.0025 

1.0035 

1.0018 1.0022 

1.0014 
1 0009 

i 
-9969 
e9968 
.9971 
-9972 
.9973 
.9977 
.9979 
.9982 
.9984 
.9987 
.9989 
.9991 
.9994 
.9995 
.9997 
.9998 
09999 

1.0000 
1.0000 
1 .oooo 
1.0000 

.9999 
,9999 
.9998 
.9998 
.9999 
.9999 
.9998 
.9998 
.9998 
.9998 
.9999 

1.0000 
1.0001 
1.0002 
1.0004 
1.0007 
1.0009 
1.0012 
1.0016 



TABLE I .  REAL-GAS ISENTROPIC EXPAKSIONS OF NITROGEN 

MACH 

0.000 
-050 
. loo 
0150 
.200 
a250 

300 
.350 
-400 
e450 
e 5 0 0  

-600 
-550 

-650 
700 

-750 
.a00 
-850 
-900 
e950 

1 .ooo 
1.050 
1 .LOO 
1.150 
1 .zoo 
1.250 
1.300 
1.350 
1 400 
1.450 
1.500 

1.600 
1 e650  
1.700 
1 e750 
1 .BOO 
1.850 
1.900 

1.550 

R E Y / M  

0. 
4.200E t07  
8.374E t o 7  
1.250Et08 

2.050E to8  
2.434EtO8 

3 . 1 5 ~  t o 8  

3.814Et08 

4.393E to8 

1.655Et08 

2.804E to8 

3.496Et08 

4.114EtO8 

4.652E t o 8  
4. 890E to8  
5 106E t o 8  
5.301EtO8 
5.475Et08 
5.629Et08 
5.762Et08 

5.970Et08 
6 045E t o 8  
6 0104E tO8 
6.147Et08 

5.875E to8  

6.174E *08 
6.186Et08 
6.185Et08 
6.171Et08 

6.108E t o 8  
6.061Et08 
b.OO5E t o 8  

6.145Et08 

5.941Et08 

5.790Et08 
5.869Et08 

5.705EtI8 
5 615E e08 
5.519Et08 

2 

.9087 
e9087 
,9087 
-9087 

9087 
.9088 
a9088 
.9589 

9089 
.9090 
a9091 

-9095 
9097 

e9099 

e9105 

-9113 
e9117 
a9122 
~ 9 1 2 8  

e9140 
e9146 
09153 
e9160 
-9168 
a9176 
a9184 
e9192 
-9200 
09209 
,9218 
09226 
e9235 
-9244 
-9253 

-9093 

-9102 

-9109 

-9134 

.9261 

G. TT = 

GAMMA 

1.5726 
1.5725 
1.5723 
1.5719 
1.5713 
1.5706 
1.5698 
1.5688 
1.5676 

1 e5649 

1.5618 

1.5582 
1.5562 
1.5542 
1.5521 

1.5664 

I. 5634 

1.5600 

1.5500 

1.5456 

1.5410 

1.5478 

1.5433 

1.5387 
1.5363 
1.5340 
1.5317 

1 e5271 

1 e5226 
1.5204 
1.5183 
1.5162 
1.5142 
1.5122 
1.5102 
1 e5083 
1.5065 

1.5294 

1.5249 

150 K 

n 
M/SEC 

239.95 
239.88 
239.67 
239.32 
238.83 
238.21 
237.46 

235.60 
234.50 

231.99 
230.59 
229.11 
227.55 
225.93 
224.23 
222 49 

236.59 

233.29 

220.69 
218.84 
216.96 
215.04 
213.10 
211.13 
209.14 
207.13 
205.11 

201.05 

196 a97 

192 e 9 0  
190.87 
188.85 
186.84 
184.84 
182 86 
180.88 

203.09 

199.01 

194.93 

P T  = 15 A T M  

P/PT 

1.0003 
.9983 
9930 

.9843 
-9721 
,9569 
.9387 
9179 

.a945 
-8691  
.e416 
.e127 
-7825 
e7514 

7197 

-6551  
-6229 
.5909 
.5594 
-5285 
.4983 
-4691 

-4136 
.3875 

3625 
.3387 
-3160 
.2945 
-2743 
.2551 
-2371  
.2202 
204 3 

-1894 
1756 
16 26 
1505 

-6875 

. 44on 

T/TT 

1 .OOJO 
.9995 
.9979 
.9953 
-9916 
.9869 
.9813 . 9747 
,9673 
.9590 
.9499 
.9400 
e9295 
-9184 
.9066 
-8944 

.8686 

.e551 

.e413 

.e273 

-7986 
-7841 
-7695 
.7548 
.7401 
-7255 
.7109 
.6963 
a6819 
.6676 
.e534 
-6394 
-6255 
e6119 
.5985 
.5852 
5 723 

8817 

-8130 

DT = 37.570 KGM/M3 CON1 I NU ED 

D/OT 

1.oouw 
.9988 
.9951 

9890 
-9803 
.9695 
.9565 

,9246 

.e856 

.e640 

.e412 
-8174 
-7927 
-7674 

-7154 

,6627 
-6363 
-6102 
.5844 
.5590 
- 5  340 
5096 

-4858 
-4627 
e4403 
.4186 

3976 
,3774 
a3581 
.3395 

3217 
-3046 
2884 

.27 29 
02581 

9415 

9059 

7416 

e6891 

A/ A* 

I 
11.5244 
5.7891 
3.0889 
2.9483 
2.3912 
2.0261 
1 7709 
1.5845 
1.4442 
1.3365 
1.2524 
1.1863 
1.1342 
1.0934 
1 e0618 
1 037.8 
1.0205 
1.0088 
1.0021 
1 .oooo 
1.0020 
1.0079 
1.0174 
1.0302 
1 0464 
1 e0658 
1.0884 
1.1142 
1.1432 
1.1753 
1.2107 
1 e2494 
1.2915 
1.3370 
1.3862 
1.4391 
1.4958 
1.5565 

w P / P T  T / T T  Q/QT A / A *  ------- RELATIVE TO IDEAL GAS VALUES------- 

e9611 
9611 

-9610 

-9605 
e9601 
.95 97 
-9592 
,9587 
09581 
.95 75 
.95 69 
-9563 
.9557 
,9551 
,9545 
.95 39 
.9534 
-9529 

9524 

9608 

95 20 
a9516 
-9513 
951 0 

.95c7 
-9505 

95 03 
09502 
-95 0 1  
-9501 
-9500 
-95 50 
-9501 
-9501 
a9502 

95 03 
.9505 
e9500 
95 07 

1 OJ 3 0 
1.0000 

.9999 

.¶999 
-9996 
.9194 
-9992 
.9990 
.9988 
-5986 
.9983 
.9982 
e9981 
.9981 
e9982 
.5984 
-9966 
.9990 
.9994 
.9998 

1 .O004 
1.0009 
1.0015 
1.0021 
1.0028 
1 mu035 
1 0042 
1.0048 
1.0055 
1.0361 
1 0066 
1.0071 
1.0075 
1.0379 
1.0082 
1.0084 
1.0085 
1.0085 
l.Oi)85 

1.0000 
1 .oooo 

.9999 

.9997 

.9995 

.9993 
-9990 
-9986 
.9982 
09978 
.9974 
.9969 
.9964 
.9960 
.9955 
.9950 
09945 
-9941 
09936 
-9932 

-9923 
.9919 
e9915 
.9911 
e9907 
-9903 
09899 
.9895 

9891 
.9887 
.9883 
.9879 

9875 
e9871 
-9866 
-9862 
.9858 
09854 

9927 

1.0000 
1.0001 
1.0001 
1.0001 
1.0001 1.0001 

1.0001 
1.0002 
1 0003 
1.0005 
1.0005 
1.0007 
1.0009 
1.0011 
1.0014 
1.0018 
1.0021 
1.0025 
1.0029 
1.0033 1.0038 

1.0042 
1.0045 

1.0053 
1.0056 
1.0059 
1.0062 
1.0064 

1.0065 

1 .OW9 

1.0065 

1.0065 
1.0064 

1.0060 
1 0057 
1.0053 
1.0048 
1.0042 

1.0062 

i 
-9942 . 9944 
.9945 
.9949 
.9952 
-9956 

9960 
.99 64 
-9969 
.9975 
-9980 
.99 84 
.9988 
.9991 
.9994 
e9996 
.9998 
.9999 

1.0000 
1.0000 
1 .oooo 
1.0000 

.9999 
.9998 
.9997 
9996 

09995 
.9994 . 9994 
.9993 . 9993 
.9994 
.9995 
.9997 

1.0002 .9999 

1 0005 
1.0009 



TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

. 
3 

MACH 

0 .ooo 
e050 
. loo 
-150 
.200 
.250 
-300 
-350 
0400 
e450 . 500 
e550 
-600 
-650  
-700 
-750  
e800 
e850  
-900 
0950 

1 .ooo 
1.050 
1 .LOO 
1.150 
1.200 
1.250 
1.300 
1 e350 
1.400 
1 e450 
1.500 
1.550 
1.600 
1.650 

1.750 
1.700 

REY/M 

0.  
5.591€+07 
1.115€+08 
1 o664Et08 
2 203E + 08 
2.729€+08 
3.240€+08 
3 732E +08 
4.204€+08 
4.653€+08 
5.079E +08 
5.478€+08 
5. 852€+08 
6.197€+08 
6.516EtOB 
6.806€+08 
7. Ob 8E +08 
7.301€+08 
7.508E +08 
7.689E+08 
7.844€+08 
7.974€+08 
8.080€+08 
8 163E+O8 
8.224€+08 
8.265E t08 
8.286Et08 
8.289€+08 
8.274€+08 
8 e244Et08 
8.199E t08 
8.141€+08 
8.07OE +OB 
7.987€+08 
70895E+08 
7 792E t08  

2 

98764 
98764 
0 8764 

8763 
-8763 

8763 
-8762 
08762 
08762 

8762 
0 876 3 
-8764 
08765 
-8766 
-8760 
-8771 
-8774 
-8778 
-8782 
08787 
-8792 
08798 
- 8 8 0 5  
08812 
-8820 

e8837 
8847 

,8856 

8 877 
e8888 
08899 
e 89 10 
08922 
-8933 

-8828 

,8867 

G. 11 

GAMMA 

1.6537 
1.6536 
1.6533 
1.6528 
1.6521 
1.6512 
1 e6501 
1.6487 
1 e647 2 
1.6455 
1.6437 
1.6416 
1.6395 
1.6371 
1.6346 
1.6320 
1.6293 
1.6266 
1.6234 
1.6203 
1.6172 
1.6140 
1.6108 
1.6075 
1.6042 
1.6508 
1.5975 
1.5942 
1.5909 
1.5876 
1.5843 
1.5811 
1.5779 
1.5748 
1.5718 
1.5688 

150 K 

w 
M/SEC 

236.87 
236.80 
236.57 
236.20 
235.68 
235.01 
234 21 
233.29 
232.24 
231 07 
229.80 
228.43 
226.97 
225.43 
223.81 
222.13 
220.39 
218.60 
216.76 
214 89 
212.98 
211.04 
209.09 
207.11 
205.12 
203.12 
201 .ll 
199.10 
197.09 
195.07 
193 07 
191 Ob 
189. Ob 
187.08 
185.10 
183.13 

PT - 20 ATM D l  51.941 KGH/M3 CONTINUED 

P/ PT 

1 .oooo 
09983 
-9929 

9841 
-9719 
9566 

.9383 
-9171 
.e937 
8681 
8407 

e8117 
07815 
e7505 
07187 
-6866 

6544 
e6222 

5903 
.5589 

5282 
04982 
e4691 
04410 
-4139 
3879 

-3630 
.3393 
-3167 

2953 
27 50 

e2559 
2379 

e2209 . 2050 
1902 

1/11 

1.0000 
.9995 
.9978 
09952 
-9914 
-9867 
e9810 
.9743 
99667 
09583 
09491 
-9391 
09285 
e9172 
9054 

-8931 
08803 
98671 

8535 
.e397 
-8256 
-8113 
-7969 
07823 

-7530 
a7383 
97236 
-7089 
e6944 
m6799 
-6656 
-6514 
e6373 
-6235 
-6098 

-7677 

D/DT 

1.0000 . 9988 
e9951 . 9889 
.9804 
09696 

9567 
9415 
9246 

-9060 
.e859 
e8644 

8417 
.818O 
97934 
e7682 
.7426 
-7164 

6902 
6639 
6377 

e6117 
-5860 
5606 

.5357 
05114 
e4876 
,4645 
-4420 
-4203 
.3993 
-3791 
a3596 
e3410 
3231 

03059 

A / A *  

I 
L1 m4846 
5 -7696 
3.8766 
2.9392 
2.3842 
2.0206 
1.7668 
1.5813 
1.4417 
1.3343 
1 e2507 
1.1850 
1 e1332 
1.0926 
1.0612 
1.0374 
1.0204 
1.0088 
1.0022 
1.0001 
1.0020 
1.0078 
1.0172 
1 e0300 
1.0461 
1 e0655 
1.0880 
1.1136 
1.1425 
1.1745 
1.2099 
1.2485 
1.2906 
1.3361 
1.3853 

n P/PT T / l T  O/DT A/A*  ------ - R E L A T I V E  TO IDEAL GAS VALUES------ 

.94 88 
-9408 
e9486 
09482 

9478 
09472 

9466 
.9458 
9450 
944 1 

09432 
-9423 
09413 
e9403 
09394 
,9385 
09376 
.93 67 
.9359 
9352 

.9345 

.9339 

.9334 
-9329 
.9325 
09321 
m9318 
-9316 

9314 
.9313 

.9312 
,9312 

-9312 
-9313 
-9314 
.93  15 

1.oi)oo 
1 .oooo . 9999 

09996 
.9994 

9991 
.9987 
.9982 
.9978 
99975 
99972 
e9970 
-9969 

-9969 
9972 

99975 
m9978 
.9983 
-9990 
-9998 

1.0006 
1.0016 
1.0026 

1 0046 
1.0057 
1.0067 

e9968 

1.0036 

1.0077 
1.0386 
1.0095 
1.0102 
1 0109 
1.0115 
1.0120 
1.0122 

1.0000 
1.0000 

.9998 
09996 
.9994 
09990 
e9986 
09981 
-9976 
.9971 
99965 
99959 
.9953 
.9947 
09941 . 9935 
09929 
,9923 
-9918 
e9912 

e9902 
09897 
09892 
.9887 
09882 
.9878 
09873 
.9868 
.9863 
-9858 

.9849 

-9907 

e9054 

- 9  843 
09838 

9833 

1.0000 
1.0001 
1.0001 
l r O O O l  
1 .  0001 
1.0002 
1 . 0003 
1.0002 
1.0004 
1.0006 
1.0008 
1.0011 
1.0014 
1 0019 
1.0023 
1.0029 
1.0035 
1 0039 
1.0045 
1.0052 
1.0059 
1 e 0 0 6 6  
1.0073 
1.0080 
1 e0086 
1.0092 
1.0097 
1.0101 
1.0105 
1.0107 
1.0109 
1.0110 
1.0109 
1.0107 
1 e0104 
1.0100 

I 
-9908 
9910 

.99x4 
a9918 

9923 
.9929 
09937 . 9944 

9952 
.9959 

9966 
.9973 
.9979 . 9984 
e9989 
9992 

.9997 . 9999 
1.0000 
1.0001 
1.0000 . 9999 

9998 
9996 

99994 
e9992 

9991 
99 89 . 9988 

-9987 
9986 

-9987 
9988 
9990 
9992 



TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

UACH 

0.000 
-950 
. lo0 
e150 
.200 

250 
.300 
.350 
a400 
a450 
,500 

-600 
.650 
a700 
.750 
.a00 
-850 
.900 
-950 

1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1 450 
1 a500 
1.550 
1 e600 

0550 

R E Y / M  

0. 
6.991Et07 
1 394E t O 8  
2.081Et08 
2.755Et08 
3 -41  ?Et08 
4.051 E to8 
4.666Et08 
5.256E to8  
5.818Et08 
6.349Et08 

7.315Et08 
6 049E to8 

7.750EtCJ8 
8.149Et08 
8.51 3E to8  

9.140€+08 
8.843Et08 

9.402Et08 
9.632Et08 

9.997E to8 
9.830E to8  

1.013Et09 
1 024E t 0 9  
1.033Et09 
1 -038Et09 
1.042E t09  
1 042E t 0 9  

1.038€+09 
1 .033E t09 
1 026E +09 
l.OlBEt09 

1.041Et09 

2 

. a430 
e8430 
.E429 
-8428 
e8427 
-8426 
-8424 

-8422 

-8419 

-8418 

e8423 

-0420 

-8439 

08418 
-8419 
-8420 
08423 
-8425 
8429 
.e433 
.a439 
.a445 
08451 
,8459 
08468 
.a477 
08487 
.a498 
-8509 
e8521 
-8533 
8 546 

.a559 

G. 11 = 

G A M A  

1.7524 
1.7523 
1.7520 
1.7514 
1.7506 
1.7495 
1.7483 
1.7468 
1.7451 

1.7409 

1.7359 

1.7431 

1.7385 

1.7331 
1.7301 
1.7268 
1 e7234 
1.7199 
1.7162 
1.7123 
1.7083 
1.7041 
1.6999 
1.6956 
1.6912 
1.6867 
1.6822 
1.6777 
1.6731 
1.6686 
1.6641 
1.6596 
1.6552 

150 K 

U 
W S E C  

233 e96 
233.88 
233.63 
233.22 
232.66 
231.94 
231.07 
230.07 
228.94 
227.69 
226.33 
224.87 
223.32 
221.69 
220.00 
218.24 
216.43 
214.57 
212.68 
210.75 
208.80 
206.83 
204.85 
202.86 
200.86 
198.85 
196. e5 

192. e 5  
194 85 

190.86 

186.91 
184.94 

188.88 

P l  = 25 A l l 4  

P / P T  

1 .0000 
.9983 
e9929 
,9039 
09716 
.9560 
.5375 
,916 3 
.e927 
-8669 
e0392 
.a102 
.7000 
.7489 
e7172 
-6852 
e6531 
-6211 
.5894 
.5583 
- 5  277 
.4979 
a4690 
e4411 
-4142 
.3803 
-3636 
.3399 
03174 
-296 1 

e2568 
.2759 

.2388 

1/11 

1 .0000 
.99 95 
.9978 
-9951 
e9913 
-9864 
e9856 
.9738 
-966 1 
-9576 
.9483 
e9382 
.9275 
-9161 
.9042 
8918 

.a790 
,8657 
-8521 
.a383 
e0242 
-8099 
.7954 
-7808 
7662 

e7515 
7368 

.7221 
7075 

.6929 

.6785 

,6499 
06641 

OT = 67.499 KGU/U3 CON1 I NUEU 

O/Dl 

1.0000 
.9989 
e9952 
.9889 
.9805 
.9696 
9566 

-9417 
-9248 
-9063 
-8861 
s 8647 
.0422 

8186 
.7942 
7692 

.7437 
71 78 

.6918 

.6657 

-6138 
6396 

,5882 
-5629 

5381 
.5138 
4901 

-4669 . 4445 
e4227 
-4017 
e3814 
03619 

A / A *  

1 
11.4341 

5.7444 
3.8605 
2.9275 
2.3757 
2.0140 
1.7614 
1.5775 
1.4383 
1.3319 
1.2488 
1.1836 
1.1322 
1.0920 
1.0608 
1.0373 
1.0202 
1.0007 
1.0021 
1.0000 
1.0020 

1.0170 
1 0297 
1 e0457 

1.0077 

1.0649 
1.0874 
1.1130 
1.1417 

1 e2087 
1.1736 

1.2473 

w P /PT 1/11 D/OT A / A *  ------- RELATIVE TO IDEAL GAS VALUES------- 

.9372 

.9371 
-9368 
-9363 
-9356 
.9348 
,9339 
-9328 
-9316 

9303 
e9290 
9276 

-9262 
-9248 
-9234 
e9220 
a9207 
9 1  95 

e9183 
.9172 

9162 
a9153 
e9145 
.9137 
e9131 
a9125 
09121 

-9114 
e9112 
09110 
e9109 

.9117 

-9139 

1.0000 
1. 0005 

.9999 

.9995 
-9991 
.9984 
.9979 
.9973 
09967 

9962 
.9955 
-9953 
,9949 
e9948 
,9949 

995 1 
.9955 

9961 
9969 

e9978 
-9989 

1.0001 
1.0015 
1 0029 
1.0043 
1.0058 
1.0073 
1.0086 
1.0100 
1.0114 
1.0127 
1 0139 
1.0149 

1 .oooo 
1.0000 

.9998 

.9995 
-9992 
.9988 
.9983 
.9977 
-9971 
-9964 
.9957 
e9950 
.9943 
.9935 
-9920 
09921 
a9915 
09900 

9902 
09896 
e9890 
.9884 
.9879 
-9874 
-9869 
e9864 
.9858 . 9853 
e9848 
.9843 
09837 
e9832 
-9826 

1.0000 
1.0001 
1.0001 
1.0001 
1.0002 
1.0001 
1.0003 
1.0004 
1.0006 
1.0009 
1.0011 
1.0015 
1.0020 
1.0026 
1 0033 
1.0041 
1 0050 
1.0059 
1 a0069 
1.0079 
1 0090 
1.0101 
1.0111 
1.0122 
1 e0132 
1.0141 
1.0149 
1 0155 
1.0161 
1.0166 
1.0110 
1.0172 
1.0172 

1 
9864 

a9867 
.9873 
,9870 
.9888 . 9897 

9907 
9917 

-9928 
9941 

.9951 
9961 

-9970 
.9978 . 9985 
-9991 
.9995 
.9998 

1.0000 
1.0000 

09999 
.9998 
-9996 
09993 
9990 

.9987 
9986 . 9983 

09980 

.9977 
e 9977 

.99n  



TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
-050 
.loo 
-150 
.zoo 
-250 
300 
.350 
.400 
- 4 5 0  
-500 
-550 
-600 
-6  50 
-700 
.750 
.800 
-850 
-900 
-950 

1.000 
1.050 
1.100 
1 150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 
1.500 

R E Y / H  

0. 
8.411 E *07 
1 -677Et08 

3.313Et08 
2.503Et08 

4.104E to8 

5.610Et08 

6.994Et08 

8.233Et08 

4.871Et08 

6.319Et08 

7 e63 2 E to8 

8.795EtO8 
9.316E to8 
9.796Et08 
1.024E *09 
1 063E t09 
1.099Et09 

1 159E t09 
1.183E t09 

1*221E+09 

1.245E t09 
1.253E t09 
1 2 58E t09 
1 -259E *09 
1.259Et09 
1 -256Et09 
1.250Et09 

1.131Et09 

1.204Et09 

1.235E t09 

2 

-8084 
e8084 
-8083 
.8081 
-8079 
-8076 

,8070 

-8062 

.a056 

.e053 

-8049 

-8 049 
-8050 
-8052 
.a055 
e8059 
-8064 
e8070 
,8077 

-8095 

-8116 

-8073 

e8066 

-8059 

e8051 

a8049 

.E086 

e8105 

-8129 
e8142 
-8155 

G .  TT = 

GAUUA 

1.8740 
1.8739 
1 a8736 

1.8724 
1.8731 

1.8714 

1.8689 

1.8654 

1.8608 

1.8703 

1.8672 

1.8632 

1.8582 

1.8485 

1.8553 
1.8520 

1.8448 
1.8408 
1.8365 
1.8321 
1.8273 
1.8224 

1,8120 
1.8065 
1.8009 
1.7951 
1.7893 
1.7834 
1.7774 

1.8173 

1.7714 

150 K 

W 
~ S E C  

231.29 
231.20 
230.93 
230.47 
229.84 
229.05 

226.99 

224 - 39 
228.09 

225.75 

222.92 
221 - 3 4  
219.68 
217 -94 
216.13 
214.27 
212.36 
210.41 
208.44 
206.44 
204.43 

200 38 
202.41 

198.36 
196.33 
194.31 
192.30 
190.29 
188.30 
186.33 
184.37 

PT = 30 ATM UT = 84.460 KGM/M3 CONC L UDEO 

P/PT 

1 .oooo 
.9983 
-9927 
e9836 
-9710 . s553 
-9365 
-9150 
8911 
,8651 
.e374 
-8083 
.7780 
e7469 
.7151 
a6832 
-6513 
-6194 

e5571 
-5268 
.4573 
e4686 
,4409 
e4142 
-3886 
3640 

-3182 
-2970 
2769 

-5880 

-3406 

T / T T  

1 .oooo 
.9995 
.9978 
09950 
-9911 
e9862 
.9803 
.9734 
e9656 
e9569 
.947 5 
-9374 
-9265 
e9151 
-9031 
e8907 
.a778 
8646 
-8510 
8371 
-8231 
.8088 
e7944 
.7798 
a7652 
-7506 
.7359 
-7213 
07067 
e6921 
06777 

O/UT 

1 .oooo 
.9989 
-9952 
9890 
-9804 
-9697 
9568 
9417 
9250 
e9065 
8866 
-8653 
8429 
-8196 
,7953 
e7705 
-7452 
e7196 
-6938 
6679 
.6421 
-6164 
e5910 
5659 
e5412 
-5170 
.4934 
,4703 
.4479 
e4261 
-4051 

A /  A* 

I 
11 3670 
5.7121 
3.8391 
2.9125 
2 -3640 
2.0049 
1.7544 
1.5715 
1.4339 

1.2460 
1.3283 

1.1814 
1.1306 
1.0909 
1.0601 
1.0368 
1.0199 
1.0085 
1.0021 
1 .oooo 
1.0019 
1.0076 
1.0168 

1.0452 
1 e0294 

1.0642 
1,0863 
1.1116 
1.1401 
1.1717 

T / T T  D/DT A / A *  W P/PT ------- RELATIVE TO IDEAL GAS VALUES------- 

-9265 
09263 

-9253 
.9259 

.9243 
-9232 
9218 

91 86 
-9168 
e9150 

-9111 

-9071 

.9203 

.9130 

-9091 

.9053 
-9034 
-9017 
e9000 
.E985 
8970 

.a957 

.e945 

.a934 
8925 
.89 17 
8910 
8904 
.E899 
.E895 
.E893 

1.cooo 
1.0000 
.9997 
-9992 
.9985 
.9977 
e9969 
.9958 
.9949 
-9941 
.9933 
9927 
-9923 
e9921 
-9920 
e9922 
992 7 
.9935 
.9945 
09957 
.9972 
09988 
1.0006 
1.0025 
1.0045 
1.0065 
1.0086 
1.0107 
1.0128 
1.0147 
1.0166 

1.0000 
1 .oooo 
.9998 
.9995 
-9990 
89985 
.9979 
-9972 
,9965 
.9957 
.9949 
-9941 
09933 
9925 
09917 
.9909 
9902 
.9895 
.9889 
-9882 
9877 
-9871 
,9866 
09861 
e9856 
.9851 
.9847 
.9842 
.9837 
-9832 
09826 

1.0000 
1.0001 
1.0001 
1.0002 
1.0001 
1.0002 
1 0004 
1.0005 
1.0008 
1.0011 
1 e0016 
1.0022 
1.0030 
1.0038 
1.0047 
1.0058 
1.0070 
1.0083 
1.0098 
1.0113 
1 .0128 
1.0144 
1.0160 
1.0175 
1 e0190 
1.0204 
1.0217 
1.0229 
1.0240 1.0248 

1.0255 

i 
-9806 
.9811 
09818 
,9828 . 9839 
-9852 
9867 
.9883 
.9898 
.9914 
9929 . 9943 
e9956 
.9969 
.9978 
m9986 
.9993 
.9997 
.9999 

1.0000 . 9999 
.9997 . 9994 
,9990 
.9985 
e9980 
.9975 
-9970 
9966 
9962 



TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF N I T R O G E N  

TT = 175 K PT = 1 ATM 01 = 1.958 KGM/M3 

MACH 

0.000 
-050  
,100 
-150  
,200 
0250 
e300 
0350 
-400 
.450 

-550 

-650 
.700 
.750 . 800 
.E50 
-900  
a950 

1 .ooo 
1 050 
1 . l o o  
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 
1.500 

,500 

.600 

1.550 
1.600 
1.650 
1.700 
1.750 
1,800 
1.850 
1.900 
1.950 
2.000 

R E Y / M  

0 .  
2 292E + 06 
4.570€+06 
6.820Et06 
9.027Et06 
1 11 BE + O i  
1.326E e01 
1.527E +07 
1.719€+01 
1.901 E t 0 7  
2.072E t 0 7  
2.232Et07 
2.381Et07 
2 51 7E +07 
2.642€+07 
2.755Et07 
20855Et07 

3.020E to7 
3 086E t 0 7  
3.140E+07 
3.184E t 0 7  

2.944Et07 

3.218€+07 
3.242€+07 
3.258E +07 
3.265E +07 
3.264Et07 
3.257€+07 

3 223E +07 
3.197Et07 
3.167€+07 
3.132€+07 

3 052Et07 
3.007Et07 
2.960E +07 

2.859E +07 
2.806Et07 
2.751 Et07 

3.243E t 0 7  

3.094E t07  

2.910E t 0 7  

2 

e9965 
.9965 
,9965 
e9965 
09965 
09965 

m9965 
a9965 
-996 5 
9965 

e9965 
-9965 

-9965 

-9965 
e9965 
-9965 
-9966 
9966 

09966 
-9966 
e9966 
-996 6 
-9967 
-9967 
-9967 

.9968 
e9968 

09968 
a9968 
09969 

996 9 
09969 
,9970 
-9970 

9971 
a9971 
-9971  
,9972 
09972 
.9972 
.9973 

H. 

GAMMA 

1.4064 

1.4063 
1 e4064 

1 A 0 6 3  
1.4063 
1.4063 

1.4062 
1.4061 
1.4061 
1.4060 

1.4059 

1.4062 

1.4060 

1.4058 
1.4057 
1.4056 
1.4056 
1.4055 
1.4054 
1.4053 
1.4052 
1.4051 
1.4050 
1.4049 
1.4048 

1.4046 

1.4044 

1.4043 

1.4047 

1.4045 

1 4044 

1.4042 
1 e4041 
1.4040 
1.4039 
1.4038 
1.4038 
1.4037 

1.4035 
1.4035 

1.4036 

Y 
M l S E C  

269.32 
269.25 

268 s71 
268.24 
267.63 

269.04 

266.91 
266.05 

263.98 

261.47 
260.05 
258.54 

265 08 

262 -78  

256 94 
255.25 
253.48 
251.64 
249.73 
247.76 

243.65 
241.53 
239 -36 
237.16 

232.68 
230.41 
228.12 
225.82 
223.51 
221 19 
218.87 

245.73 

234.94 

216.56 
214.24 
211.94 

207.36 

202.84 

209 -64  

205.09 

200.60 

P / P T  

1.0000 
.998 3 
- 9 9 3 0  
.9844 

5725 
.9575 
.9395 
09188 
e8956 

8703 
8429 
8141 

.7839 

.1527 
-7208 
-6885  
e6559 
-6234  

5912 
D 5594 
m5282 
.4978 
-4683  
.4398 
-4124  

386 1 
-3609  
e3370 
-3143 
2928 

-2725 
e2533 
,2353 

e2027 
- 2 1  85 

. l e 7 9  
1741 

-1613 
1493 

-1382 
1279 

T / T T  

1.0000 
.9995 
.9980 
.9955 
.9920 
a9876 
.9823 
99760 
-9689 
-9609  
.9522 
.9428 
m9326 
.9219 

-8986 
-8862 
,8734 
08602 
-8467 
-8329 
a8189 

8047 
-7904 
.7759 
-7614 
-7469 

.7179 

-6892 
-6749 

e9105 

-7324 

-7035 

-6609 
-6469 
-6332 
-6196 
.6063 
-5931 

-5675 
-5802 

a5550 

O/OT 

1.0000 
,9988 
e9950 
.9889 

9803 
9695 

e9564 
9414 

e9244 
9056 

e8852 
8635 

-8405 
e8165 
e7910 
-7661 
-7401 
-7137 

6872 

6341 
a6078 
m5819 

5563 

5069 

-6606 

-5313 

.4831 
a4600 
-4376 
41 60 

-3952 
m3751 
.3559 
.3375 
a3199 
-3030 

2870 
-2717 
e2571 
-2433 

2302 

A/ A* 

I 
11.5882 

5 8202 
3.9092 
2.9627 

2 -0345 

1.5897 
1.4483 
1.3397 
1.2548 
1.1881 
1.1356 
1.0943 
1.0624 

1.0207 
1 e0089 
1.0022 
1.0000 
1.0020 
1.0079 
1.0175 

2.4020 

1.7775 

1.0382 

1.0304 
1.0467 
1.0663 
1.0890 
1.1149 
1.1439 

1.2115 
1.2501 
1.2921 
1.3375 

1.1761 

1.3 863 
1.4388 
1.4950 
1.5551 
1.6191 
1.6873 

Y P / P T  T / T T  D/DT A/A*  ------ R E L A T I V E  ro IDEAL GAS VALUES------- 

.9987 

.9987 
09987 
.9981 
.9987 
.9987 
.9987 
-9986 

9986 
e9986 

99 86 
.9985 
.9985 
.9985 
.9984 
.99 84 
.9984 
.9983 
.9983 
.9983 
m9982 
-9982 
e9982 
-9982 
.99 82 
.9981 
.9981 
-9981 
-9981 
-9981 
-9981  
-9981 
e9981 
-9981 
-9981 
-9981 

-9980 
-9981  
.9981 

9981 

9981 

1.0000 
1.0000 
1 . 0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 0000 
1.0000 

.9999 

.9999 
9999 

09998 
.9998 
.9998 
.9998 
.9998 
.9999 
.S999 . 9999 
.9999 
.9999 

1.0000 
1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.0002 
1 . 0002 
1.0002 
1.0003 
1.0003 
loOd0'3 
1.0003 
1.0003 
1 0003 
1.  COO4 
1 0004 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9999 

.9999 

.9998 
99998 
.9998 
09997 
.9997 . 9997 
.9997 
-9996 
a9996 
0 9996 
.9995 
.9995 
09995 
.9994 
.9994 
.9994 
,9994 
.9993 
.9993 
.9993 
.9993 
09992 

9992 
09992 
-9992 
-9992 
-9991 
09991 
09991 

e9991 
.9991 

1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0001 1.0001 

1.0001 
1.0001 
1.0001 
1.0000 
1 . 0000 
1.0000 
1.0001 1.0001 

1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0002 
1.0002 
1.0003 
1.0003 1.5003 

1.0004 
1.0004 

1.0003 

1.0004 
1 e0004 

1 e0005 

1.0005 

1 . 0005 

1.0005 

1.0005 

1.0005 
1.0005 
1.0005 
1.0005 

1.0005 

1 e0005 

i 
.9997 . 9997 
.9997 
09997 
.9997 . 9997 
.9997 
.9997 
.9997 
.9999 . 9999 
.9999 . 9999 

1.0000 
1.0000 
i.0000 
1.0000 
1.0000 
1.0000 1.0000 

1 .oooo 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9999 

.9999 . 9999 

.9999 . 9999 

.9999 . 9999 

.9999 

.9999 

.9999 



TABLE I .  REAL-GAS ISEFtTROPIC EXPANSIONS OF NITROGEN .. , . 
1 .  

MACH 

0 .ooo 
0 0 5 0  
. loo 
0150 . 200 
-250 
300 

-350 
e400 
a450 
500 

-600 
~ 6 5 0  
-700 

750 
.a00 
- 8 5 0  
-900 
0950 

1.000 
1.050 
1 . l o o  
1.150 
1.200 
1.250 
1.300 
1.350 
1 400 
1 e450 
1.500 
1 e550 
1.605 
1.650 
1.700 
1.750 
1.800 
1.850 
1 e900 
1.950 
2 .ooo 

-550 

R E Y / M  

0 .  
6.855E*06 
1.367Et07 
2.040E407 
2.700E407 
3.343Et07 
3.967E t07 

5.141E407 

6.199E t07 
6 679E t07  
7.125E+07 
7.535Et07 

4.567E4J7 

5.685E t 07 

7.91 3E t07 

8.553EtO7 

9.047Et07 

9.409E407 

8 248E 407 

8 816E407 

9.244E to7 

9.543E 407 
9.646E 407 
9 -721 E407 
9.770EtO7 
9.794E 407 
9.794Et07 
9.774E407 
9.733E 407 
9.675E407 
9.601E 407 
9.512E407 
9.41JE*07 
9.296E407 
9.172E 407 
9.039Et07 

8.751)E e07 
8.597Et07 
8.438Et07 
8 -276E t07 

8-898E t07 

L 

.9894 
09894 
-9894 
09894 
-9894 
.9894 
-9894 
.9  894 
e9894 
09894 
09894 
e9895 
09895 
-9895 
-9895 
e9896 
e9896 
a9896 
-9897 
-9898 

9098 
09899 
.9899 
09900 
e9901 
.9902 
9903 

,9904 
09905 
e9906 
-9907 
-9908 
09909 
e9910 
-9911 
-9922 
e9913 
e9914 
-9915 
09916 
.9918 

H. TT = 

GAMMA 

1.4192 
1.4192 
1.4192 
1.4191 
1.4190 
1.4189 
1.4188 

1.4185 
1.4184 
1.4182 
1.4180 
1.4178 
1.4175 
1.4173 
1.417 1 
1.4168 
1.4165 
1.4163 
1 e4160 
1.4157 
1.4154 
1.4151 
1.4148 
1.4146 
1.4143 
1 e4140 

1.4187 

1.4137 
1 e4134 
1.4132 
1.4129 
1.4126 
1.4124 
1.4121 

1.4116 
1.4114 
1.4112 
1.4109 
1.4107 
1.4105 

1.4119 

175 K 

W 
M/SEC 

268.62 
268.55 
268.35 
268.00 
267 53 
266.92 
266.18 
265.31 
264 33 
263.22 
262.00 

259.25 

256.11 
254.41 
252.63 
250 -78 
248.87 

260.68 

257.73 

246.89 
244.85 

240.64 
242.77 

238.40 
236.28 
234.05 
231 - 8 0  
229.53 
227 24 
224 94 
222.64 
220.33 
218.02 
215.71 
213.41 
211 . ll  
208.82  
206 -55 
204 29 
202.04 
199.82 

P T  = 3 ATM 

P /PT  

1. ooou 
.9983 
a9931 . 9845 
e9726 
05573 
.9393 

4186 
.a954 

8700 
84 27 

.E139 
07837 
-7525 

7206 
a6883 
.6558 
-6233 
,5911 
.5593 
m5282 
e4978 
a4683 
04398 
e4124 
.3861 
m3610 
.3371 
-3144 
-2929 
e2726 
e2535 

2355 
m2186 

202 9 
. l a 8 0  

1142 
~ 1 6 1 4  

14S4 
-1383 
a1280 

T/TT 

1 .oooo 
.9995 
e9980 
09955 
-9920 
9875 

-9822 
-9758 
e9687 - 96 07 
-9519 
-9424 
09322 
e9214 
09100 
a8381 

~ 8 7 2 8  

-8461 

08182 
e8040 
07896 
-7752 
07606 

-8857 

.8596 

-8323 

.7461 

.7316 
-7171 
m7026 
-6883  
-6741 
06600 
e6461 
06323 
.6187 
-6054 
-5922 
.5793 
-5666 
a5541 

01 = 5.915 KGH/M3 CON1 INUEO 

D/OT 

1.0000 
-9988 
.9951 

9889 
e9804 
0 9694 
e9564 

9413 
9243 

-8853 
e8635 

-9056 

.e406 
- 8  166 
7918 

-7663 
7403 

m7139 

6608 
-6344 
6081 

m5567 
e5317 
-5073 
- 4 8 3 5  

a4380 
-4164 
.3955 
.3755 

3563 
.3378 
3202 
e3033 

. 6874 

.5822 

-4604 

.2 873 

.2574 
2720 

2435 
2 304 

A / A *  

I 
11 5820 
5.8170 
3.9070 

.2.4011 
2.0338 
1.7770 
1.5893 

1.3394 
1.2546 
1.1879 
1 1354 
1.0942 
1.0623 
1.0382 
1.0206 
1.0089 
1.0022 
1.0001 
1.0021 
1.0080 
1.0175 
1 a0304 
1.0467 
1 e0662 
1 .J889 
1.1148 
1.1438 
1.1759 
1.2113 
1.2499 
1.2919 
1.3372 
1.3861 
1.4385 

2.9609 

1.4480 

1.4947 
1.5548 
1.6188 
1.6871 

Y P /PT  T / T T  D/OT A / A +  ------- R E L A T I V E  TO IOEAL GAS VALUES------- 

-9962 
e9962 
-9961 
09961 

996 1 
09960 
e9960 
09959 

9958 
.9957 

9956 
.9955 
.9954 
.9953 
09952 
e9951 
e9950 
.9949 
.9948 
.9948 
.9947 
9946 

.9945 

.9945 

.9944 
09944 
.9943 
.9943 
-9942 
-9942 

-9942 
-9942 

09941 
9941 

09941 

09941 
m9941 

-9941 

-9941 
9941 

e9941 

1. 0000 
1.0000 
1.0000 
1.0001 
1.0001 

09999 
9998 

09998 
.9998 
.9997 
.9997 
-9996 
a9996 

9996 
09996 

9996 
,9996 

-9996 
-9996 
9996 

.9997 
9998 

-9998 
09999 

1.0000 
1.0001 
1.0002 
1 . 0 ~ 0 3  
1 0304 
1.3105 
1.0006 
1.0006 

1.0008 
1 0007 

1.0009 
1.0009 
1.0>10 
1.0010 
1.0311 
1.0311 
1.OJll  

1 . 0000 
1.0000 
1.0000 
1.0000 

.9999 
09999 
,9998 
09998 
.9997 
-9996 
.9995 
.99 95 
.9994 . 9993 
09992 
a9991 
09990 
.9989 
09988 
.9988 
-9987 
.9986 
.9985 
09984 
-9984 
09983 
-9982 

9982 
99 81 

-9980 
-9980 
.99 79 
e9978 
.9978 
09977 
.9977 
09976 
.9975 
.9975 
.9974 
.9974 

1.0000 
1.0000 
1.0000 
1.0001 
1.0002 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1 0003 
1 0004 
1.0004 
1.0005 
1.0005 
1 0006 
1 e0007 
1.0008 
1 .0008 
1 0009 
1.0010 
1.0011 
1.0011 
1.0012 
1.0013 
1.0013 
1.0014 
1 e0014 
1.0014 
1.0015 
1.0015 
1.0015 
1.0015 
1.0014 
1 e0014 
1.0014 

i 
e9992 
m9992 
-9991 
m9991 . 9993 
.9994 . 9994 
.9995 
09996 
e9996 
.9997 
-9998 
9998 

,9999 
.9999 . 9999 

1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 1.0000 

1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9999 
e9998 
.9998 

9998 - 9998 
.9998 
.9998 

9998 
-9998 

9998 
e9998 
-9998 



TABLE I .  REAl,-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
e050. 
. L O O  
e150 
0200 
e250 
.300 
,350 
,400 
,450 
-500 
0 5 5 0  

.650 
-600 

-700 
.750 
.BOO 
.a50 
-900 
-950 

1.000 
1.050 
1.100 
1.150 
1.200 
1 250 
1.300 
1.350 
1.400 
1.450 
1 e500 
1.550 
1 e600 
1.650 
1.700 
1.750 
1.800 
1.850 
I .900 
1.950 
2.000 

I :  I 

REY/H 

0. 
1 139E+07 
2.272€*07 
3.390Ee07 
4.487E *07 
5.557€*07 
6.594EtO7 
7.592€+07 

9.452€*07 
1 -031E *08 
l . l l l E + O B  
1.185E+O8 
1.253€+08 
1.316Et08 
1.3 72 E +OB 
1.423€+08 

1.506€+08 

1 567E *08 

1.607Et08 
1.620€*08 
1 e 628E *08 
1.632€*08 

1.630€*08 

1.614€+08 
1 602E *08 
10587E*08 
1.570Et08 
1.552EtOB 
1.531 EbO8 
1.509€+98 
1.486E to8  

8.546E *07 

1.467E*i)8 

1.539E + O B  

1.589Et08 

1.633€*)8 

1.623Et08 

1.462€+08 
1.436Et08 
l.4lOE+O8 
1.383€*08 

, _  . 

L 

e9823 
-9823 
09823 
a9823 
e9823 
-9823 
-9823 
e9823 
-9823 
-9824 
-9824 

.9824 

.9825 

-9824 

09825 

-9825 
,9826 

a9827 
e9828 
,9829 
e9830 
09831 
.9833 
09834 
.9835 
.9837 
.9838 

9840 
-9841 
.9843 

9846 
09848 
-9850 
09852 
.YES4 
-9856 

.9859 
e9861 

.9827 

-91345 

.9857 

H. T T  = 

GAUNA 

1.4325 
1.4325 
1.4324 
1.4323 
1.4322 
1.4320 
1.4319 
1.4316 
1.4314 
1.431 1 
1.4308 
1 e4305 

1.4237 
1.4293 
1.4209 
1 e4285 

1.4276 
1.4271 
1 e4266 
1.4262 
1.4257 
1.4252 
1.4247 
1.4242 
1.423 8 
1.4233 
1.4228 
1 e4224 
1.4219 
1.4215 
1.4210 
1.4206 
1 4202 
1.4198 
1.4194 
1.4190 
1.4186 
1.4183 
1.4179 

1.4301 

1.4280 

175 K 

Y 
M/SEC 

267 a95 
267.88 

267.32 
266.83 
266.22 

267 e67 

265.47 
264 e59 
263.59 

261.24 

258.46 
256.92 
255.29 

262 e47 

259.90 

253.58 
251.79 
249.92 
248.00 
246.01 
243.97 
241.88 

237.50 

233.15 

228.63 
226.35 

221.75 

217.15 

239 75 

235.38 

230.90 

224.05 

219.45 

214.84 
212.55 
210.26 
207.98 
205.72 

201.23 
203 e47 

199.02 

P T  = 5 ATN 

P / P T  

1 .0000 
.9983 
e9931 
.9845 
9724 

.9573 
9392 

-9185 
.e953 

8699 
-8426 
-8137 
.7835 
e7523 
e7204 
6881 

-6556 
6231 

a5910 
-5592 
e5281 
.4978 
e4682 
.4398 
~ 4 1 2 4  
-3861 
361 3 

e3371 
-3145 

2930 
-2127 
,2536 
.2356 
02187 
~ 2 0 2 9  
0 1 8 8 1  
e1743 

1615 
1495 
1384 

.1281 

r/rr 

1 .oooo 
.9995 
m9980 
.9954 
-9919 
.9074 
e9820 
.9757 
09685 
.9605 
-9517 
-9421 
-9319 
-9210 
.9095 

8976 
.a851 
me722 
.8590 
.8454 
-8315 
.e175 
e8032 
.7888 
.7743 
.7598 
7452 

a7307 

e7017 

,6732 
e6591 
6451 

-6314 
6178 

e6044 
05913 
.5783 
m5556 
-5532 

.7162 

.6 874 

DT 5 9.930 KGU/N3 CON1 I hUED 

wor  

I .  0000 
.9988 
,9951 
e9890 

9803 
.9694 
-9564 
e9413 
9244 

.9056 

.a853 
8636 

e8407 
e8168 

7665 

7142 
e6877 
-6612 
6347 

5825 
,5570 
m5320 
.5076 
04838 
,4607 
.4383 
-4167 
.3959 
.3759 
m3566 

3382 
a3205 
3036 
2876 
2722 
2576 

-2438 
m2306 

.7920 

.7405 

. 60 85 

A / A *  

I 
11.5761 
5.8139 
3.9049 

2 -4000 
2.0330 
1.7763 
1.5888 
1.4477 
1.3391) 
1 2543 
1.1877 
1.1353 
1.0941 
1.0623 
1.0381 
1.0206 
1.0088 
1.0021 
1.0000 
1.0020 
1.0081 
1.0176 
1.0305 
1.0468 
1.0663 

2.9600 

1.0890 
1.1148 
1.1438 
1.1759 
1.2113 
1.2499 
1.2918 
1.3371 
1.3860 
1.4384 
1.4947 
1 5547 
1.6188 
1.6870 

D/DT A/A+ W P/PT T/ TT ------- RELATIVE TO IDEAL GAS VALUES------- 

.9937 
,9937 
-9936 
.9936 
.9935 
.9934 
.9933 
-9932 
09930 
e9929 
.9927 

.9924 
9926 

m9922 
-9920 
09919 

-9915 

09912 
9911 

.9910 
9908 

.9907 
-9906 
.9905 

-9904 

-9903 
-9902 
.9902 
-9902 

,9917 

-9914 

09905 

09903 

,9902 
e9902 
09901 
e9901 
09902 

9902 
-9902 
m9902 

1.0000 
1.0OJO 
1.0000 
1.3J01 

.9999 

.9998 

.9997 
9997 

m9996 
.9995 . 9995 
.9994 
.9994 
.9993 
.9993 
e9993 
.9994 
.9994 
.9995 
e9996 
,9997 
.9998 
,9997 
.9999 

1.0000 
1.0002 
1.0003 
1.0005 
1 0007 
1.0008 
1.0010 
1.0011 
1.0013 
1 0014 
1.0015 
1.0016 
1.0017 
l.Oi)l8 
1.0019 
1.0019 
1.0020 

1.0000 
I .  0000 
1 .oooo 

.9999 

.9999 

.9998 
e9997 
9996 

09995 
.9994 
e9992 
e9991 

9990 
.9988 
.99 87 
.9985 
.9984 
09983 

9981 
09980 
.9978 
.9977 
-9976 
9975 

.9973 
m9972 
09971 

9970 
-9969 
e9968 
9967 

-9966 
9965 

e9964 
e9963 
09962 

9961 
09960 
,9959 
.9958 
.9957 

1 .oooo 
1.0000 
1 .OOOl 
1.0000 1.0002 

1.0000 
1 .oooo 
1.0001 
1.0001 
1.0001 
1.0002 
1 0003 
1.0003 
1 e0004 
1.0005 
1 *0006 
1 0007 
1.0008 
1.0010 
1.0012 1.0011 

1.0014 
1.0013 
1 1.0015 .OOlb 

1.001f 
1.0019 
1.0020 
1.0021 
1.0022 
1.0023 
1 moo24 
1.0024 
1 e0025 
1 0025 
1.0026 
1.0026 
1.0025 
1.0025 
1.0025 
1.0024 

i 
9986 

-9986 
.9986 
.9988 
.9989 
,9990 
.9991 
9992 

.9993 

.9994 

.9995 
-4996 
.99 97 
.9998 
.9999 
.9999 

1.0000 
1.0000 1.0000 

1.0002 1. 0000 
1.0000 

1.0001 
1.0001 
1.0000 
1.0000 

.9999 . 9999 

.9998 

.9998 

.9997 

.9997 

.9997 

.9997 
-9996 
e9996 

9996 
.9997 
e 9997 
.9997 



MACH 

0.000 
.os0 
-100 
150 
.zoo 
0250 
a300 
0350 
400 
0450 
500 
.553 
0600 
.c 50 
0700 
-750 
0800 
850 
1900 
-950 

1 .ooo 
1.050 
1 .loo 
1.150 
1.200 
1.250 
1.300 
1 e350 
1 400 
1 e450 
1.500 
1.550 
1 600 
1 e650 
1.700 
1.750 
1 .eo0 
1.850 
1.900 
1 m950 
2.000 

R E Y / M  

0. 
1 81 6E+07 
3.621 E+07 
5.403€+07 
7.152€+07 
8.859E +07 
1.051E+08 
1.210E+08 
1.363€+08 
1.507€+08 
1 -643E +08 

1 890E +08 
1.999Et08 
2.099E +08 
2.190E +08 
2.271€+08 
2 342E+08 
2.405€+08 
2.45 8E +08 
2.503 E +08 
2.540€+08 
2 569E +08 
2 590E +08 
2 604E +08 
2 -6 12E +08 
2.613€+08 

1.771E +08 

2.609€+08 
2.6OOE + O 8  
2 5 85 E +O 8 
2.567Et08 
2 544E +,OS 
2 51 8 E +08 
2.489E+08 
2.457E +08 
2.422€+08 
2.385€+08 
2m346Et08 
2 -306 E +08 
2 264E +08 
2.221E to8 

2 

.9717 
9717 
-9717 
e9717 
e9717 
09717 
97 17 
09717 
-9717 
-9717 
e9717 
.9717 
97 17 
a9718 
09718 
-9719 
09720 
e9721 
-9722 
a9723 
-9724 
9726 
-9727 
09729 
973 1 
09733 
.9735 
-9738 
-9740 
.9743 
.9745 
.9748 
09151 
.9754 
09756 
.9759 
-9762 
-9765 
976 9 
-9771 
.9774 

TABLE I .  REAL-GAS I SENTROPIC EXPANSIONS OF NITROGEN 

H. TT = 175 K P T  = 8 ATM 01  = -16.061 KGM/H3 CON1 INUED 

GAMMA 

1.4533 
1.4533 
1.4532 
1.4531 
1.4529 
1.4526 
1.4523 
1.4520 
1.4516 
1.4511 
1.4506 
1.4501 
1.449 5 
1.4489 
1.448 2 
1.4476 
1.4469 
1.4462 
1.4454 
1.4447 
1.4439 
1.4431 
1.4423 
1.4416 

1.4400 
1.4392 
1.4384 
1.4377 
1.4369 
1 a4362 
1.4354 
1.4347 
1.4340 
1.4333 
1.4327 
1.4320 
1.4314 

1 e4302 
1.4296 

1.4408 

1.4308 

n 
M/SEC 

266.97 

266.68 
266.33 

266.90 

265.83 
265.20 

263.53 

261 37 
260.11 

264.43 

262.51 

258.75 
257 -28 
255.72 
254.07 
252.33 
250.52 
248 -64 
246 70 
244.70 
242.64 

238.40 

234.02 

240 54 

236.23 

231.79 
229.54 
227.28 
225.00 
222.71 
220.42 
218.12 
215.83 
213.54 
211.25 
208.98 
206.71 
204.46 
202.23 
200.01 
197.81 ' 

P / P T  

1.0000 
.9983 
,9931 
.9843 
-9723 
957 2 

m9183 
,8950 

-9391 

. e696 
a8422 
-8132 
.7830 
.75 19 
e7200 

-6552 
-6877 

-6227 
5906 
.5589 
-5278 
.4975 
468 1 
.4397 
-4124 
3862 
-3611 
.3373 
-3146 
.2931 
-2729 
-2538 
-2358 
e2189 
2031 
e1883 
1746 
1617 
1497 
1386 

.1282 

1/11 

1.0000 
.9995 
.9980 
.9954 
-9918 
,9873 
-9818 
.9755 
-9682 
09601 
a9512 

09313 
a9204 
e9088 
.E968 . 8843 
a8713 
85 80 
.a444 
.E305 
a8164 
.e021 
.7877 
.7732 
-7586 
-7440 

.9416 

07295 
-7149 

e6861 
e6719 
e6578 

-6301 
e6165 
06031 

.7005 

-6438 

-5900 
.5770 
-5643 
e5519 

D/DT 

1.0000 
.9988 
995 1 
.9889 
.9803 
e9695 
-9565 
9414 
e9245 
9058 
.E854 
-8637 
.8408 
-8169 
7921 
.7666 
.7407 
-7 144 
-6880 
-6615 
-6351 
.6089 
.5830 
5576 
-5326 
- 5 0 8 2  
,4844 
4614 
e4390 
-4174 
3965 

-3765 
e3572 
.3388 
3211 
-3042 
02881 
2727 
.2581 
2442 
-2310 

A /  A* - 

I 
11.5624 
5 .BO70 
3.9008 
2 .,9566 

2.0309 

1.5874 

2.3974 

1.7746 

1.4465 
1.3383 
1.2538 
1.1873 
1.1350 
1.0939 
1.0621 
1.0381 
1.0206 
1.0088 
1.0022 
1 .oooo 
1.0020 
1.0079 
1.0174 
1.0303 
1.0465 
1.0660 
1.0886 
1.1144 

1.1754 
1.2107 

1.1433 

1.2492 
1.2911 
1.3364 

1.4376 
1.4938 
1.5539 
1.6179 

1.3852 

1.6862 

T/TT D /DT A/A* W P /PT  
.------ R E L A T I V E  TO IDEAL GAS VALUES------- 

-9900 
a9900 
e9900 
.9899 
.9897 
.9896 
.9894 
-9892 
.9890 
.9887 
.9884 
-9882 
.9879 
.9876 
.9873 
-9870 
.9867 
.9864 
-9862 
.9859 
.9857 
.9855 
.9853 
.9851 
.9849 
.9848 
.9846 
.9845 
,9844 
.9843 
.9843 
.9842 
.9842 
.9841 
-9841 
.9841 

-9841 

.9841 

.9842 

m9841 

09841 

1.0000 
1.00013 
1.0001 
.9999 
.999 8 
.9997 
-9996 
.9995 
.9994 
.9993 
9990 
09989 
.9988 
,9787 
.9987 
as586 
.9987 
,9987 
,9988 
.9990 
-9991 
.9993 
.9995 
.9997 

1. coo0 
1.0003 
1.0005 
1.0008 
1.0011 
1.0014 
1 0016 
1.0019 
1.0021 
1.0024 
1 0026 
1.0027 
1.0029 
1.0030 
1.0031 
1.0032 
1.0033 

1.0000 
1.0000 
09999 
.9999 
.9998 
.9997 
.9995 
.9994 
9992 
09990 
.9988 
09986 
,9984 
.9981 
.9979 
.9977 
.9975 
.9972 
-9970 
9968 
9966 
9964 
-9962 
-9960 . 995 8 
.9957 
09955 
09953 
9952 
e9950 
.9949 . 9947 
.9945 
.9944 
e9942 
-9941 
09939 
,9938 
09936 
.9935 
.9933 

1.0000 
1.0000 
1.0001 
1.0000 
1.0000 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0002 
1.0003 
1 e0004 
1.0005 
1.0006 
1.0008 
1.0009 
1.0011 
1.0013 
1.0015 
1.0018 
1.0020 
1.0022 
1.0025 
1.0027 
1 a0029 
1 0032 
1.0034 

1.0037 
1 a0039 
1.0040 
1.0041 
1.0042 
1.0043 
1 0043 
1.0043 
1 0043 
1.0043 
1.0042 
1.0041 

1.0036 

i 
.9974 . 9974 
-9976 . 9977 
e9978 
.9979 
-9981 
.9983 
.9985 
.9988 
-9990 
-9992 
.9994 
.9996 
.9997 
.9998 
.9999 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
.9999 
.9999 
.9998 
,9997 
~9996 
.9995 
.9994 
.9994 
.9993 
-9992 
.9992 

.9991 
-9991 

'e9991 
e9991 
9991 
9992 
9992 



TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
.os0 
.LOO 
.150 
,200 
.250 
e 3 0 0  
,350 
400 

a450 
.so0 

550  
-6 00 
e650  
-700  
e750 
.a00 
.850 
e900 
950 

1 .ooo 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1 e900 
1.950 
2 .ooo 

R E Y / M  

0 .  
2.265E to7 
4.516Et07 
6.739Et07 
8.9216t07 
1 .  lO5E t o 8  
1.311Et08 
1.510Et08 
1.700Et08 
1.88OEtO8 
2.050Et38 
2.210Et08 
2.358E to8  

2.733Et08 

2.495Et08 
2.620Et08 

2.834Et08 
2.924Et08 

3.070E to8 
3.127Et08 

3.21 OE t o 8  

3.255EtC8 

3.003E to8  

3 . 1 7 3 E t M  

3.237E to8  

3.265Et08 
3.268EtO8 
3.263Et08 
3.252Et08 
3.235Et08 
3 212 E to8 
3 1 84E *08 

3.116EtO8 
3 076E to8  
3.033Et08 
2.988Et08 
2 940E t o 8  

2.837Et08 
2 784Et08 

3.152Et08 

2 . 8 8 9 ~ + 0 8  

2 

,9646 
e9646 
9646 

09646 
a9646 
-9646 
e9646 

9645 
-9645 
e9645 
e9645 
a9646 
m9646 
e9646 

9647 
-9647 

9648 
e9649 

09652 
-9653  
09655 
e9657 
e9659 
9662 

-9667 
a9670 
-9673 

09679 
e9682 
09686 
e9689 
a9693 
9696 

-9700  
e9703 
e9707 
09711 
e9714 

-9650 

,9664 

,9676 

H. 11 = 

GAMMA 

1.4679 
1.4678 
1.4677 
1.4675 
1.4673 
1.4670 
1.4666 
1.4662 
1.4656 
1.4651 
1.4645 
1 e4638 
1.4631 

1.4615 
1 a4623 

1 a4606 
1.4598 
1.4589 
1.4579 
1.4570 
1.4560 
1.4550 
1 e4540 

1.4521 

1.450 1 

1.4481 
1.4472 
1.4462 
1.4453 
1.4444 
1.4435 
1.4426 
1 e441 8 
1.4409 

1.4394 

1.4379 

1.4531 

1.4511 

1.4491 

1.4401 

1.4386 

175 K 

W 
M/SEC 

266 34 
266.27 
266.05 

265.18 
265.69 

264.54 
263.76 
262 84 
261.81 
260.65 
259.38 
257 -99 
256.51 
254.93 
253.26 
251.51 
249.68 
247 79 
245.83 
243.82 
241.75 
239.65 
237 50 

233 e11 
235.32 

230 .88  

226.36 
224.09 
221.80 
219.51 
217.22 
214.94 
212.65 
210.38 
208.11 
205.86 
203 62  
201.39 
199.18 
196 99 

228 -63 

P T  = 10 ATPI 

P / P T  

1 .oooo 
.5583 
e9931 
.sa43 
a9723 

5571 
e9390 
-9182 
.a947 
-8693 

8419 
-8130 
.7828 
e7516 
.TI97 
e6874 
-6549  

.5904 
.5587 
e5277 
.4974 
e4681 
.43s7 
.4124 
.3862 
-3612 
.3373 
e3147 
-2933 

2730 
a2539 
2359 

e2191 

.1885 

a1618 
-1499  
-1387 
e1284 

-6225 

-2033 

.1147 

1/11 

1 .oooo . 9995 
.9979 
.9954 
e9918 
.9872 
-9817 
.9753 
.9680 
.9599 
.9 509 
-9413 
.9339 
-9200 
-9084 
-8963 
.e837 
-8708 
.e574 
08438 
.e299 
e8157 
-8014 
-7870 
-7724 
.7579 
.7433 
,7287 
-7141 
.6997 
-6853 

.6570 
e6711 

-6430 
06292 
.6157 
-6023 
-5891 
-5762 
-5635 
.5510 

DT 20.224 KGM/PI3 CON1 I NUEO 

O / D T  

1.0000 
9980 

m9952 
.9889 

9803 
-9695 
-9565 
e9415 
.9244 
.9057 
.a854 
.a638 
.e409 
-8170 
.7922 
-7668 
.7409 

-6883 
.6618 
-6354 

6093 
.5834 
55 80 

e5330 
.SO87 
.4849 
.4618 
.4395 
-4179 
m3970 
e3770 
.3577 
e3392 
03215 
.3046 
.2885 

2731 

2445 
-2313 

7 147 

.2585 

A/A*  

I 
11.5524 

5.8019 
3.8980 
2 9545 
2.3958 
2.0296 

1.5869 

1.3379 
1.2535 
1.1871 
1.1348 
1.0938 
1.0621 
1.0380 
1.0206 
1.0089 
1 .DO22 
1.0001 
1.0021 
1.0079 
1.0174 
1.0303 

1.7736 

1.4462 

1.0465 

1.0885 
1.0659 

1.1142 
1.1431 
1.1752 

1.2489 
1.2908 
1.3360 
1.3848 

1.2104 

1.4372 
1.4934 
1.5534 
1.6175 
1.6857 

1/11 D I D 1  A / A *  Y P / P l  ------- R E L A T I V E  TO I D E A L  GAS VALUES------- 

. 9 8 n  
09877 
-9876 
09075 
.9873 
.9871 

9869 
-9866 
e9863 
09860 
09856 
.9853 
09849 
.9845 
09841 
.9838 
.9834 

9831 
e9827 
,9824 
e9821 
-9818 
e9815 
09813 
-9811  
-9809 
,9807 

9806 

n9803 
a9802 
e9802 
09801  

9801 
09800 
-9800 
-9800 
09800  

9800 
-9801  
-9801 

.9804 

1.0000 
1.0000 
1.0001 

.9999 

.9998 
9996 

.3995 

.9994 
-9990 
,9988 
09987 
.9985 . 9984 
.9983 
09982 
e9982 
.9383 
.9983 
.9985 

9986 
.9988 
-9991 
.9993 

9996 
1.0000 
1.0003 
1.0007 
1.0010 
1 0014 
1.0017 
1.0021 
1.0024 
1.0027 
1.0030 
1.0033 
1 0035 
1.0037 
1 0039 
I. 0040 
1.0041 
1.0012 

1 .oooo 
1 . 0000 

.9999 
09998 
09997 
.9996 
.9994 
m9992 
e9990 . 9987 
.9985 
9982 

-9980 
.9977 
09974 
-9971 
-9968 
-9966 

9963 
e9961 

9958 
09956 
.9953 
09951 
.9949 . 9947 
.9945 . 9943 
-9941 . 9939 
.9937 . 9935 
09933 

9931 
09929 

9927 
09925 
09923 

9922 
09920 
09918  

1.0000 
1.0000 
1.0002 
1.0001 1.0000 

1.0001 
1 .ow2 
1.0002 
1.0001 
1.0002 
1.0003 
1.0004 
1.0905 
1 0006 
1. 0008 
1.0010 
1.0012 
1.0015 
1.0017 
1.0020 
1.0023 
1.0026 
1.0029 
1.0032 
1.0035 
1.0038 
1.0041 
1.0044 
1.0046 
1.0051 1.0049 

l o w 5 3  
1.0054 
1 0055 
1.0056 
1 0057 
1.0057 
1.0057 
1.0056 
1.0055 
1.0054 

i 
9966 

.9966 
9968 
9970 
9971 

09973 
.9975 
.9979 
-9982 
.9985 
.9988 

9990 
.9993 . 9995 
-9996 
-9998  
.9999 

1.0000 
1.0001 1.0000 

1.0000 
1.0000 . 9999 

.9998 . 9997 
e9996 . 9995 
09994 
.9993 
-9992 
-9991 
m9990 
09989 . 9989 
.9988 . 9988 
.9988 
- 9 9 8 9  
09989 

9990 



TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

I 

MACH 

0.000 
.os0 
0100 
e15Q 
0200 
-250 
0300 

350 
-400 
e450 
a500 
0 5 5 0  
a600 
0650 

700 
- 7 5 0  
,800 
.E50 
e900 
.950 

1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 
1.500 
1.550 
1.600 
1'0650 
1.700 
1 a750 
1 . 800 
1.850 
1.900 
1.950 
2.000 

R E V / M  

0. 
3.382E+07 
6.742E+07 
1.006Et08 
1.332€+08 
1.650E+08 
1.958E +08 
2.254€+08 
2.538€+08 
2.808E +OB 
3.063E +08 
3.302E +08 
3.524Et08 
3 729€+08 
3.917E+08 

4.240E to8 
4.376€+08 
4.495€+08 
4.597E to8 
4.684€+08 
4.755E+08 
4 8 1  2 E +08 
4.854€+08 
4.884E +08 
4.902E+O8 
4.907€+08 
4.902EtO8 
4 888E +08 
4.864E+08 
4*832E+O8 
40793Et08 
4.746E+08 
4 6 94 E +08 
4.636Et08 
40573EtO8 
4.506€+08 
4.435€+08 
4.361E+08 
4 .284E +08 
4.204€+08 

4.087E to8 

2 

-9469 
9469 
946 9 

-9468 
09468 
-9468 
a9467 
9467 

e9466 
09466 
-9465 
09465 
e9465 
-9465 
99465 . 9466 

-9467 
9466 

m9469 
99470 
09472 
-947 4 
09477 
e9480 
09483 

9486 
9490 

.9494 
09498 
-9503 
-9507 
09512 
e9517 
09522 
-9527 
09533 
09538 
.9843 
09549 
09554 
09560 

ti. T T  = 

GAMMA 

1.5065 

1.5063 
1.5061 
1.5057 
1.5052 
1.5047 
1.5040 
1.5032 
1 e5024 
1.5015 
1.5004 

1.4982 
1.4970 
1.4957 
1.4944 
1.4930 
1.4916 
1.4901 
1.4887 
1.4812 
1.4857 
1.4841 
1.4826 
1 e481 1 
1.4795 
1.4780 
1.4165 
1.4750 
1.4735 
1.4721 
1.4706 
1.4692 
1.4679 
1.4665 
1.4652 
1.4640 
1.4627 
1.4615 
1.4604 

1.5065 

1.4994 

175 K 

W 
WSEC 

264.87 
264 80 
264.57 

263.65 
262.98 
262. 16 
261.20 
260.12 
258.91 
257.59 
256.15 

252.98 

249.47 
247.59 

243 -66 
241.61 
239.52 
237.39 
235.22 
233.03 
230.80 
228 e56 
226.31 
224 04 
221.77 
219.49 
217.21 
214.94 
212.66 
210.40 
208.14 
205.89 
203 e66 
201.44 
199.24 
197.06 
194.89 

264.19 

254.62 

251.26 

245.66 

PT = 15 ATM DT * 30.904 KGM/M3 CCNT I hUEO 

P/PT 

1 .oooo 
998 3 

-9929 
e9842 

9721 
-9569 . 9385 
-9176 

8942 
-8686 . e412 
.a122 
-7820 
.75a8 
-7189 
0 6866 
e6542 
e6219 
-5898 

55 82 
m5273 
497 1 
4679 

-4396 
m4124 

3863 
03613 
.3375 
- 3 1 4 9  
,2935 
-2733 

2542 
e2363 
2195 

-2037 
1889 

01751 
-1622 
-1502 

1391 
1287 

T / T T  

1 .oooo . 9995 
.9979 
.9953 
-9917 
-9870 

9814 
.9749 
.96 75 
.9593 
.95 02 
e9405 
-9300 
09189 
.9072 
8950 

-8824 
.86 93 
.a559 
-8422 
.a282 

8140 
07997 
-7852 
07706 
e7560 
07414 
.7268 
-7122 
-6977 
-6834 
e6691 
-6550 
06410 
-6273 
06137 
-6003 
-5871 

5742 
.5615 
05490 

O/DT 

L.0000 
-9988 
a9950 
.9889 
09804 
e9696 

9565 
94 14 

-9245 
-9058 
.,e856 

8640 
-8412 

8174 
a7927 
7674 
74 16 

-7154 
m6891 
-6627 
.6365 
-6104 

5846 
,5592 . 5343 
e5100 
04862 

4632 
,4408 
a4192 
a3983 

3783 
.3589 . 3404 
03227 

3057 
e2896 
02741 

2596 
2455 

02322 

A/A*  

I 
11 -5278 

$.7908 
3.8901 
2.9488 
2.-3914 
2; 0266 
1 e7713 
1.5848 
1 n4445 

1.2524 
1.1863 
1.1342 
1 e0934 
1.0617 
1 e0378 
1.0204 

1.0021 
1.0000 
1.0020 
1.0078 
1.0172 
1.0301 
1.0462 
1.0657 
1 . o m 2  
1.1139 
1.1427 
1.1746 
1.2098 
1.2482 
1.2899 
1.3351 
1.3838 
104361 
1 A 9 2 2  
1.5523 
1.6163 
1.6846 

1.3365 

i.oa88 

U P/PT T /TT  D/OT A / A *  ------- RELATIVE TO IDEAL GAS VALUES------- 

e9823 
-9822 

9821 
-9819 
-9827 
-9813 

-9805 
09800 
.9794 
09788 
n9782 
.9776 
a9770 
.9764 
.9758 
,9752 
09746 

9741 
.9735 
9730 

.9726 
9721 

.9717 
-9714 
e9711 
-9708 
-9705 

.9809 

.9,703 
9701 

e9700 
,9698 

9697 

96 96 
96 96 
96 96 

09696 

96 96 
-9697 

. 96 97 

.96 96 

1.0000 
l . i l O O 0  

,9999 
999 8 
9996 

.9994 
09390 
,5987 
09984 
e9981 
.9978 
.9976 
.9974 
a9912 

9972 
09971 
m9972 . 9973 
.9975 
.9978 
a9981 
.F985 

9990 
.9995 

1.0000 
1 0006 
1.0010 
1.0015 
1.0321 
1.0027 
1.0033 
1.0038 
1.0043 
1 e0048 
1.0052 
1.0056 
1.0060 
1 0562 
1.0065 
1.0067 
1 0068 

1.0000 
1.0000 

09999 
-9998 
-9996 . 9994 
09991 

9988 
09985 

9981 
.9977 
09974 
m9970 
e9965 

9961 
09957 
.9953 
09950 

9946 
-9942 
.9939 . 9935 
-9932 
-9929 

99 26 
e9923 
09920 
-9917 
09914 
09911 . 9909 
.9906 

9903 
09901 
.9898 
09895 
09893 
e9890 
09887 
,9884 
09882 

I .  0000 
1.0001 
1 .oooo 
1.0001 
1.0001 
1.0002 
1.0002 1.0001 

1.0002 
1.0003 
1.0005 
1.0007 
1.0009 
1.0011 
1.0014 
1.0018 
I .  0022 
1.0026 
1.0030 
1.0035 
1 e0040 

1.0050 
1.0055 
1.0060 
1 0065 
1.0068 
1.0073 
1 0077 
1.0081 
1.0085 
1.0088 
1.0090 
1.0092 
1 0094 
1.0095 
1 0095 
1.0098 
1.0095 
1.00% 
1.0092 

1.0045 

i . 9945 
.9947 
.9948 
e9950 
.9953 . 9958 
e9962 
9967 

e9971 . 9975 
e9980 
.99 84 

99 87 
e9991 
.9994 
$99 96 

9998 
.9999 

1.0000 
1.0000 
I. 0000 

.9999 . 9998 
-9996 . 9995 . 9995 
.9993 
0 9 9 9 1  
a9989 
.9987 . 99 85 . 5984 
-9982 

9981 
9981 

-99  80 
9980 

-9981 
9982 

09983 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
e050  
. l o o  
0150 
.zoo 
e250  
-300 
.350 
e400 
-450 
- 5 0 0  
e 5 5 0  
0600 
.650 
-700 
-750 
.800 
e 8 5 0  
-900 
-950 

1 .ooo 
1.050 
1.100 
1.150 
1 .zoo 
1.250 
1 300 

1.400 
1 e450 
1.500 

1.600 
1.650 

1.350 

1.550 

1.700 
1.750 
1 .800 
1 850 
1.900 
1.950 
2 .ooo 

RE Y /M 

0. 
4.493 E to7 
8.959Et07 
1.337Et08 
1.770E to8 
2.192Et08 
2.601Et08 
2.996EtJ8 
3.373Et08 
3.732Et38 
4 .071EtO8 
4.388E t O O  

4.956Et08 
4.683Et08 

5.207Et08 
5.434Et08 
5.639EtJ8 

5.981Et08 
5.821EtO8 

6.119Et08 
6.237Et08 
6.334E to8 
6.412Et08 
6.472E to8 
6.514Et08 
6 m540E tJ8 
6.551Et08 
6.548Eb58 
6.531Et08 
6.503Et08 
6.463Et08 
6.413Et08 
6.354E to8 
6.286Et08 
6 e 2  11 E to8 
6.129Et08 
6 042E to8 
5.949Et08 
5.85lEt08 
5.750Et08 
5.645Eb08 

Z 

.9292 
-9292 
a9292 
09291 
e9290 
-9289 

-9287 
-9286 

-9288 

,9284 
928 3 

e9282 
-9281 
-9281 
-9280 
-9280 
09281 
e9281 
e9282 
e9284 
-9286 
-9288 
a9291 
09294 
.9298 
-9302 
e9306 
e9311 
-9316 
-9322 
-9328 
.9334 
09340 
.9347 
09353 
,9360 
.9367 
.9375 
.9382 
.9389 
9396 

H. TT = 

GAMMA 

1.5488 

1.5486 

1.5477 

1.5488 

1.5482 

1.5471 
1 5464 
1.5455 
1.5445 
1.5434 
1.5422 
1.5409 
1.5394 
1.5379 
1.5363 
1.5346 
1.5328 
1 a5309 

1.5271 
1.5251 
1.5231 
1.5210 
1.5189 
1.5168 
1.5147 
1.5126 

1.5084 

1.5043 
1.5023 
1.5003 

1.4964 
1 e4946 
1.4927 

1.5290 

1.5105 

1.5064 

1.4983 

1.4909 
1.4892 
1.4875 
1.4859 

175 K 

W 
FI/SEC 

263.57 

26 3.24 

262.28 

260.70 

258.55 
257.28 
255 89 
254.40 
252.80 
251.10 
249.32 

245.54 

241.51 
239.42 
237.29 
235.12 
232 93 
230.71 
228.47 
226.22 
223.95 

219.41 

214 86 
212.59 
210.33 
208.08 
205.84 
203.62 
201.41 
199 e21 

194.87 
192.73 

263 a49 

262.84 

261.56 

259.69 

247.46 

243.55 

221.68 

217.13 

197.03 

P T  = 20 ATM 

P/PT 

1. a000 
.9983 
-9929 
- 9  841 
-9718 

9564 
-9381 
9170 

.a935 
.E678 
-840 3 
-8113 
-7809 
.7497 
-7178 
-6855 
-6532 
e6203 
.5895 
,5575 
.5267 
e4966 
,4675 
.4393 
e4122 
03062 
-3614 
.3377 
-3152 
.2938 

2737 
-2546 
2367 

-2199 

-1893 
-1755 
e1627 

1395 
-1291 

.2041 

-1506 

T / T T  

1. oooi) 
.9995 
.9979 
e9952 
-9915 
-9868 
e9811 
.9745 
-9670 
.9587 
,9495 
-9396 
e9291 
-9179 
-9061 
.a938 
.a811 
-8680 . 8545 
e8407 
-8267 
-8125 
-7981 
.7835 
.7690 
07543 
.7397 
07251 
e7105 

e6816 
-6674 
e6532 

06255 
.6119 
05985 
.sa53 
e5724 
.5597 
-5472 

.6960 

,6393 

CONT I N E D  DT = 41.990 KGH/EI3 

D/OT 

1.0300 
.9988 
.99fL 
e9890 
e9803 
-9695 
e9565 
9415 

m9246 
9060 

.a859 
8643 

e8415 
-8 177 
7932 

7422 

a6900 

-7679 

-7162 

-6637 
.6375 
m6115 
.sa59 
-5606 
.5358 
5115 

.4878 
464 8 

e4424 
-4208 
4000 

.3799 
e3605 
-34 20 
m3242 
-3072 
2909 
2754 
2607 

a2333 
-2466 

A / A +  

I 
11.4959 
5.7751 
3.8798 
2 -9418 
2.3862 
2.0221 
1.7677 
1 .5820 
1 e4422 
1.3347 

1.1854 
1.2509 

1.1335 

1.0615 
I. 0377 
1 e0204 
1.0088 
1.0022 
1.0001 
1.0020 
1 .O078 
1.0172 
1.0300 
1.0460 
1.0652 
1.087t 
1.1132 
1.1418 
1.1736 
1.2086 
1.2469 

1.0929 

1.2885 
1.3335 
1.3821 

1.4903 
1.5503 

1.6825 

1.4343 

1.6143 

U P/PT T /TT  D/DT A / A *  ------- R E L A T I V E  TO IDEAL GAS VALUES------- 

.9774 
-9174 
,9772 
9769 

-9765 
9760 

,9754 
.9748 

9740 
-9732 
e9724 
-9715 
9706 

-9697 
96 88 
9679 

-9671 
-9662 
09654 

9647 
-9639 

9633 
96 26 

.962l  
-96 15 

-96 07 
.9603 

96 00 
.9597 
.9595 
.9593 
95 91 

-9590 
.9589 
.9588 
09588 
.95 98 
.9588 
.95 89 
.9589 

.9611 

1.0500 
1.0000 

.9399 

.9997 

.9993 
,9989 
.9985 
09981 
.9976 
-9972 

9968 
-9965 
.9960 
.9957 
-9956 
.9955 
-9956 
,9958 
9960 

-9964 . 9 369 
.9774 
-9981 
.9988 
.9995 

1.0003 
1.0312 
1.0020 
1.0029 
1.0J37 
1.0045 
1.0053 
1.0061 
1.0068 
1 0074 
1.0080 
1.0085 
1.0089 
1.0093 
1 e 0095 
1.0J97 

1 . 0000 
1 .oooo 

09999 
.9997 
.9994 
-9991 
.9988 
09984 

9980 
09975 
-9970 
-9965 
-9960 
.9954 
.9949 
.9944 
09939 
.9934 
09929 
99 24 

09920 
e9916 
-9912 
e9908 

9904 
e9900 
.9897 
.9893 
-9890 
.9887 
.9883 
.$e80 
.9 877 
.9873 
-9870 

9867 
09863 
a9860 
e9856 
.9853 
.9849 

1.0000 
1.0001 
1. 0001 
1.0001 
1.0001 
1 .OOOl  
1.0002 
100003 
1.0004 
1 0006 
1.0008 
1.0010 
1.0012 
1.0015 
1.0020 
1.0024 
1.0030 
1.0036 1.0042 

1.0049 
1.0056 
1 a0063 
1.0071 
1 moo79 
1.0086 
1.0094 
1.0101 
1.0108 
1.0114 1.0120 

1 e0125 
1.0130 
1 e0134 
1.0137 
1.0140 
1.0142 
1.0143 
1.0143 
1.0142 
1.0141 
1.0139 

I 
-9918 

9920 
.9922 
-9927 
-9931 
9936 

-9942 
.9949 
.9955 
e9961 
s 9968 
-9976 
-9981 
,9986 
-9991 
,9994 

,9999 
1.0000 
1.0001 
1 .oooo 
.9999 
.9998 
-9996 
.9993 
9990 

.9987 

.9984 . 9982 

.9979 
9976 

.9974 
9972 
9970 
9969 
9968 

09968 
9969 
9971 

.9997 

.9968 

4 
cn 



TABLE I .  REAL-GAS I S E N T R O P I C  EXPANSIONS OF NITROGEN 

MACH 

0.000 
-050 
0100 
a150 
.zoo 
a250 
.300 
e350 
.400 
e 4 5 0  
- 5 0 0  
0550 
e600 
,650 
-700 
e750 
.800 
-850 
e900 
-950 

1.000 
1 a050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 
1.500 
1.550 
1.600 
lot50 
1.700 
1.750 
1.800 
1.850 
1.900 
1 a950 
2.000 

R E Y / M  

0. 
5.6036t07 
1 11 7E to8 
1 667Et08 
2.207E to8 
2.733Et08 
3.243E ti)8 
3.735Et08 
4.205Et38 

5.015E to8 
4.652Et08 

5.471Etd8 
5 840E+08 
6 182E t08 
6.495Et08 
6.783Et38 
7.037Et08 
7.265€+08 
7.467Et08 
7.642 E to8 
7.791Etd8 
7.9156t08 
8.015E to8 
8.093€+08 
9.149~ t o 8  
8.185Eb08 
8.203Et08 
8.202Et08 
8.185Et)R 
8.153Et08 
8.106EtO8 
8.047E to8 
7.976Et08 
7.894E to8 
7.803Et08 
7.703E to8 
7.596Et08 
7.482EtJB 
7.362E to8 
7 -231E +OB 
7.lO7E e08 

2 

e9116 
e9116 
e9115 
-9114 
09113 
a9111 
09109 
,9107 
-9105 

-9100 
e9102 

e9098 
-9096 
,9094 
-9093 

-9091 
-9091 

-9092 

-9092 

-9091 

-9094 
a9096 
-9099 
e9102 
-9106 
e9110 

-9121 
.9115 

.9127 
-9133 
-9140 
09147 

09163 
-917 1 
-9119 
e9188 
a9196 
9205 
e9214 
a9223 

-9155 

H. T T  = 175 K 

GAMMA 

1.5950 
1.5949 
1.5947 

1.5937 
1.5930 
1.5921 
1.5911 

1.5943 

1.5899 
1.5885 
1.5871 
1 .5854 
1.5837 
1.5818 
1 5799 

1.5756 

1.5709 

1.5778 

1.5733 

1.5685 
1 m5660 
1.5634 
1.5608 

1.5555 
1.5582 

1.5528 
1.5501 
1.5474 
1.5447 
1 e5420 
1.5393 
1.5367 
1.5341 

1.5290 

1.5241 
1.5218 

1.5315 

1.5265 

1.5195 
1.5173 
1.5151 

W 
M/SEC 

262.45 
262.37 
262.11 
261.67 
261 07 
260.31 
259.39 
258.32 
257.11 
255.77 
254.31 
2 5 2 . 7 4  
251 06 
249 29 

245.51 

241.47 
239.37 

247.44 

243.52 

237.22 
235.05 
232.84 
230.61 

226.10 
228.36 

223 -82 
221.55 
219.27 
216.99 
214 e71 
212.44 
210.18 
207.94 
205.71 
203.48 
201.28 
199.08 
1q6.91 
194.76 
192.62 
190.51 

P T  = 25 

P f P T  

1 .0000 
.5983 
e9928 
-9840 
09716 

9376 

8926 

.9560 

-9164 

-8668 
-8391 
-8100 
7796 
,7484 
.7165 
6843 
-6520 
06199 
- 5 8 8 0  
.5567 
-5260 
-4961 
467 1 
-4390 
e4121 
-3862 
03614 
.3379 
-3154 
-2942 
.2741 
e2551 
-2372 

2204 

1899 
176 1 
1632 
-1511 

1295 

-2046 

. 1399 

ATM OT 53.502 KGM/M3 CCNT I hUED 

T / T T  

1 .oooo 
,9995 
.9978 
-9951 
,9914 
,9866 
09808 
-9741 
9665 
e9581 
.9488 
.9388 
a9282 
a9169 
.9050 
8927 
.e799 
8667 
-8531 
.a393 
.E252 
.e110 
-7966 
-7820 
07614 
.7528 
07381 
-7235 
-7090 
e6945 
e6801 
e6658 
-6517 

-6240 
m6104 
e5970 
.5838 
-5709 
.558l 
-5456 

-6378 

D/OT A/A* 

a9951 

a9804 
e9696 
9566 
94 17 
9247 
-9061 

-9890 

-8860 
-8645 
-8419 
.8182 
.7938 
07687 
a7431 
-7172 
-6911 

-6389 
-6130 
.5875 
-5623 
.5375 
-5133 
.4897 
-4667 
.4444 
e4228 
-4019 
3818 
-3624 
.3438 
-3260 
3089 
-2926 
02770 
2622 
.2481 
2 346 

-6650 

1.0000 I 
.9989 11.4607 

5.7579 
3 -8685 

2.3800 

1.7639 

2.9337 

2.0173 

1.5792 
1 e4400 
1.3333 
1 2497 
1.1842 
1.1327 
1.0923 
1.0610 
1.0374 
1.0202 
1.0087 
1.0021 
1.0000 
1.0020 
1.0077 
1.0170 
1.0297 

1.0648 
1.0870 
101124 
1 1409 
1.1725 
1 2074 
1.2455 
1.2870 
1.3318 
1.3803 

1.4882 
1 5480 
1.6119 
1.6801 

1.0457 

1.4323 

P/PT 1/11 O f O T  A/A* Y ------- R E L A T I V E  TO I D E A L  GAS VALUES------- 

.9733 
-9732 
9730 
.9726 
-9720 

-9706 
.9696 
-96 86 
-9675 

-9652 
-9640 

-9615 

e9714 

-9664 

e9628 

e9603 
e9591 
-9580 
-9569 
.9558 
.9549 
.95 39 
-9531 
95 23 
e9516 
.9509 
.9504 
.9498 
.9494 
94 90 
.9487 
.9484 
.9482 
9480 
.9479 
.9478 
.9477 
09477 
.9477 
.9478 
.9478 

1.0000 
1.0000 
.9998 
-9396 
.9990 
.9385 
,9980 
.9974 
9966 
-9960 . s954 
.9949 
.9944 
9941 
.9939 
.9939 
.9939 
.9941 
.9945 
-9950 
-9956 . F 364 
.9973 
.9982 
-9992 

1.0003 
1.0015 
1.0026 
1.0338 
1.0049 
1.3361 
1 0071 
1.0382 
1.0090 
1.0098 
1.0106 
1.0114 
1.0120 
1.0125 
1.0129 
1.0132 

1.0000 
1.0300 
,9998 
-9996 
.9993 
.9989 
.9985 
.9980 
09974 
-9969 
09962 
.9956 
-9950 
.9943 
.9937 
e9931 
9925 
e9919 
m9913 
09908 
e9903 
.9898 
.9893 
09889 
.9884 
-9880 
-9876 
.9872 
09869 
-9865 
09861 
.9857 
.9854 
e9850 
09846 
-9842 
,9838 
-9834 
-9830 
09825 
e9821 

1.0000 
1.0001 
1.0001 
1.0002 
1.0001 
1.0002 
1 moo03 
1.0004 
1.0004 
1.0006 
1.0009 
1.0012 
1.0017 
1 .OO22 
1.0028 
1.0034 
1-0042 
1.0050 
1.0059 1.0068 

1.0078 
1.0089 
1.0099 
1.0110 
1.0120 
1.0131 
1.0141 
1.0150 
1.0159 
1.0168 
1.0182 1.0175 

1.0188 
1.0191 
1.0195 
1.0198 
1.0200 
1.0201 
1.0200 
1.0199 
1.0196 

i 

.9890 

.$E93 

.9899 

.9906 
m9913 
9921 
9931 
-9940 . 9949 
.9958 
9966 
.9974 
.9981 
.9987 
-9992 . 9995 
.9998 

9887 

1.0000 1.0000 . 9999 
.9998 
-9996 
.9993 
.9989 
9986 
-9982 
.9977 
.9973 
9969 
e9965 
.9962 
-9961 . 9958 
-9956 
.9955 
.9955 
.9955 
9956 
.9958 



TABLE I. REAL-GAS I S E k T R O P l C  EXPAkSIONS OF NITROGEN 

MACH 

0 .OJO 
050 

0100 
-150 
.zoo 
0’250 

300 
0 3 5 0  
-400 

e500 
e550 
e600 
e650 
.700 
e750 . 800 
-850  
900 

-950 
1 .ooo 
1.050 
1.100 
1.150 
1.200 
1.250 
1 a300 
1.350 
1 400 
1.450 
1 500 
1.550 
1.600 
1.650 
1.700 
1.750 
l i 8 0 0  
1 e850 
1.900 
1.950 
2.000 

.450 

4 
4 

R E Y / n  

0. 
6.712Et07 
1.338Et08 

2.643Et08 
1 -997Et08 

3.274E to8 
3.884E to8 
4.473Et08 
5.036Et08 
5.5 72E to8 

6.553Et08 
6.078Et08 

6.995Et08 
7.405Et08 
7 -781 E to8 
8.123Et08 
8.432E to8 
8.708E to8  
8.950Et08 
9.161E to8 
9.343Et08 
9.495Et.08 
9 61 BE *O 8 
9.7156t08 
9.787Et08 
9.834Et08 
9.859Et08 
9.862E to8 
9.846Et08 

9.760Et08 

9.61 2Et08 
9 5 18E to8 
9.412 E to8 

9.169Et08 
9.035E to8  

8.745Et08 
8 -590E to8 

9.81 1 E t 0 8  

9.693E to8 

9.295Et08 

8.893 E to8 

2 

-8941 
-8941 

8940 
.E938 
-8936 
08933 

8930 
08927 
-8923 

8919 
e8915 
a8912 
-8908 
e8905 
e8902 

8900 
08898 
-8897 
08896 
e8896 
8 897 

.8898 
-8901 
a8904 
-8907 
e8912 
.E917 
8923 

a8929 
08936 
.a944 

8952 
.E960 
.E969 
08979 
.8989 
08999 

9009 
09019 
-9030 
09041 

H. T T  

G A M A  

1.6454 
1.6453 
1.6450 
1.6446 
1.6439 
1.6432 
1.6421 
1.6410 
1.6397 
1.6382 
1.6365 

1 e6327 
1.6306 
1.6283 
1.6259 
1.6233 
1.6206 
1.6178 
1.6149 
1.6119 
1.6089 
1.6057 
1.6025 

1.6347 

1.5993 
1.5960 
1.5927 
1.5894 
1.5860 
1.5827 
1.5794 
1.5761 
1.5728 
1 5696 
1.5664 

1.5603 
1.5573 
1.5543 
1.5515 
1.5487 

1.5633 

175 K 

W 
M/SEC 

261.56 
261 -47 
261.19 
260.72 
260.07 
259 26 
258.27 
257.13 

254.42 
252.87 

249 e44 

255.84 

251.20 

247.58 

243.63 
245 64 

241.55 
239.43 
237 26 
235 e06 
232.82 
230.56 
228.29 
226.00 
223.71 
221.41 
219.11 
216.82 
214.53 
212.25 
209.98 

205.48 
207.73 

203.26 

198.86 

194.54 

201 -05  

196.69 

192.41 
190.30 
188.21 

P T  = 30 ATM 

P / P T  

1. c o o 0  
.9983 
.9928 
.9837 . S713 
e9556 
.936 8 
9154 

-8916 
e656 

.a379 
-8086 
e7782 
-7469 

-6829 

.6186 

-7151 

.65C7 

5868 
-5556 
05251 
.4953 
.4665 
e4386 
-4118 
3860 

-3614 
.3380 
-3156 

2945 
-2744 

e2377 

205 2 
1904 
1766 

s 1517 
1404 
1300 

- 2 5 5 5  

-2209 

.1637 

T / T T  

1.0000 
.9995 
.9978 
.9950 
.9912 
e9864 
,9805 
.9737 
.9660 
.9575 
-9481 
-9380 
e9273 
-9159 
-9040 
-8915 
.a787 
-8654 
0 8 5 1 9  
,8380 
8239 

,8096 
.7952 

-7661 

.7368 

-7077 

e7807 

-7515 

-7222 

-6932 
a6788 
6646 

-6504 
06365 
e6227 
-6091 
.5957 
-5825 

5696 
-5568 
.5443 

0 1  = 65.458 KGM/M3 CONCLUDE0 

D/OT 

1.0000 
.9989 
.9951 
.9889 
-9804 
-9696 
-9566 

9416 

9063 
-8862 
8649 

-8423 . 81 88 
.7945 
-7696 
-7441 
,7184 

-6663 

-9248 

6923 

6404 
e6147 
- 5  892 

5642 
.5395 
.5154 
a4918 
-4689 
.4466 
425.0 

e4041 
-3840 
.3646 
3460 
3281 

2945 
2789 
2640 

-2497 
02362 

-3109 

A/ A* 

I 
11.4181 
5.7371 
3.8554 
2.9239 
2.3725 
2.0117 
1.7595 
1.5755 
1.4370 
1.3307 
1.2478 
1.1827 
1.1316 
1.0914 
1.0604 

1.0199 
1.0086 
1.0021 
1.0000 
1.0020 
1.0077 
1.0169 
1.0295 
1.0453 

1-0864 

1.0369 

1.0643 

l .e l116 
1.1399 

1.2060 
1 2439 

1.3298 

1.1714 

1.2851 

1.3780 
1.4299 
1.4856 
1.5452 
1.6090 
1 6 771, 

W P / P T  I / T T  D / D T  A/A* ------- R E L A T I V E  TO IOEAL GAS VALUES------- 

-9700 
.9699 

-9690 
-96 83 
.9674 

-9696 

e9664 
-9652 
-9638 
-9624 

9609 
.9593 
.9577 
.9561 
.9545 
.9529 
-9514 
.9499 
.9485 
e9471 
09458 

9446 
09435 
e9425 
e9415 
9407 

.9399 
-9392 
a9386 
09381 
.9377 
e9373 

9370 
a9368 

9366 

-936h 
-9363 
m9363 

9363 
09364 

-9364 

1.0000 
1. ouoo 

.9998 

.9993 

.S987 
a9981 
-9372 
-9963 
.9955 
09947 
.5939 
a9932 
-9926 
-9922 
e9919 
-9918 
991 9 

-9921 
-9924 

9930 

.9948 

.9959 

.9971 

.9985 

.9999 
1.C013 
1.0028 
1.0043 
1.0058 
1.0073 
1.0088 
1.0101 
1.0114 
1.0126 

1.0146 
1.0154 
1.0161 
1.0167 
1.0171 

.9938 

1.0136 

1.0000 
1 .oooo 

,9998 
.9995 
.99 92 
09987 . 9982 
e9976 

9969 
09962 
.9955 
.9948 
,9940 
09933 
-9925 
,9918 
-9911 
-9905 
.9898 
e9892 
-9887 

9 876 
.9881 

-9872 
-9867 
-9863 
.9858 
.9854 
-9850 
09846 
.9842 
09838 
..9834 
09830 
-9826 
-9822 
e9817 
-9812 
-9808 
e9803 
09798 

1.0000 
1.0001 

1.0001 
i.oaoi 
1.0002 1.0001 

1.0002 
1.0004 
1 0006 
1.0008 
1.0012 
1.0017 
1.0022 
1.0029 
1.0037 

1.0056 
1.0067 
1-0076 
1 0089 
1.0102 
1.0115 
1.0129 
1.0143 
1.0157 
1.0171 
1.0184 
1.0197 
1.0210 
1.0221 
1.0231 
1.0241 
1 e 0249 
1.0256 
1.0262 
1.0266 
1 m0269 
1.0270 
1.0270 
1 0269 
1.0267 

1 . 0046 

I 
-9850 
.9854 
-9860 

9866 
,9874 
.9885 
e9896 
-9908 

9920 
a9932 . 9943 
.9954 

9964 
.9973 
.9981 
.9987 
.9992 
.9998 

1.0000 1.0000 

1.0000 . 9998 
.9995 
9991 

.99 87 

.9982 
,9976 
-997 1 

9965 
.9960 . 9954 
-9950 . 9945 

9942 
.9939 
.99 37 
.9936 

9936 
.9937 

9939 



TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NI.TROGEN 

PT - 1 ATM DT 1 1.711 K G M f M 3  I. TT 200 K 

MACH 

0.000 
0050 
. lo0  
0150 
.200 
0250 
e300 

400 

0500 
0550 
0600 

0700 
.750 

850 

.350 

,450 

.650 

. 800 

.900 
0950 

1 .ooo 
1.050 
1.100 
1.150 
1.200 
1.250 
1 e300 
1.350 
1.400 
1 e450 
1 500 
1 e550 
1.600 
1.650 
1 700 
1 a750 
1.800 
1 850 
1.900 
1.950 
2 ,000 

REY/M 

0. 
1.907€+06 
3.802€*06 
5.673€+06 
7.509€*06 
9.297E +Ob 

1.269€+07 
1.428E+07 
1 .579€+07 
1.721€*07 

1.103€+07 

1.854€+07 
1.977€+07 
2.089E *07 
2.192€+07 
2*285E*07 
2.367E *07 
2.439E + 07 
2.502E *07 
2.555€*07 
2.599€+07 
2.634€*07 
2.660€+07 

2.691€+07 
2.679E to7 

2.695E*b7 
2.694€+07 
2 m686E +07 
2 673 E +07 

2.633EtO7 
2.655€*07 

2.607E *07 
2.578 E +07 
2*545E+07 
2.510€+07 

2.432€+07 
2.391E *07 
2.348€+07 

2*259E+O7 

2.472E *07 

2.304€+07 

2 

99978 
0997 6 
.9978 
09978 
,9978 
09978 
.9978 

.9978 

.9978 

.9978 

.9978 
-9978 
.9978 
09978 
.9978 
-9978 
.9978 
.9978 
-9978 
09978 
.9978 
.9978 
-9978 
-9978 
09979 
.9979 
09979 
.9979 . 99 79 . 9979 
-9980 
a9980 
-9980 
09980 
-9980 
09981 
e9981 

-9981 

.997e 

.9981 

.9982 

GAMMA 

1.4047 
1.4047 
1.4047 
1.4046 
1.4046 
1.4046 
1.4046 
1.4045 
1.4045 
1.4045 
1.4044 
1.4044 
1 a4043 

1.4042 
1.4041 
1.4041 
1.4040 
1.4039 
1 e4039 

1 e4037 
1.4037 
1 e4036 

1.4034 

1.4043 

1.4038 

1.4035 

1.4034 
1.4033 
1.4032 

1 e4031 
1.4030 
1.4030 

1.4028 

1.4027 
1.4026 
1.4026 
1 e4025 
1.4025 

1.4032 

1.4029 

1.4028 

W 
n / SEC 

288.13 
288 -06 
287.84 
287.48 
286.97 
286.33 
285.55 
284.63 
283 59 
282.42 
281.13 
279.73 
278.21 

274.88 

271.18 
269.21 
267.17 
265.05 

276.60 

273.07 

262.88 
260 -66 
258.39 
256.07 
253.72 
251.33 
248 92 
246.49 
244.04 
241.57 
239.10 
236.62 
234.14 
231 - 6 6  
229.19 
226.72 
224.26 
221.82 
219.39 
216.98 
214.58 

R/ PT 

1.0000~ 
m9982 
9930 

.9844 
e9725 

9574 
.9395 
09188 
e8956 

8702 
84 29 

.8140 
.7839 
.7527 
a7208 
.6884 
06559 
-6234 
0 5 9 1 1  
.5593 
.5282 
.4978 
.4683 
.4398 
a4123 . 3860 
-3609 
3370 

a3142 
02927 
-2724 
2533 

.235 3 
2184 

-2026 
-1879 

1741 
e1612 

1493 
e1382 
.1278 

T/TT 

L .oooo 
09995 
-9980 
.9955 
09920 
09876 
-9823 
9760 

.9689 
09610 
99522 

-9327 
09219 
e9105 
.e986 

8 863 
.e735 
m8603 
-8468 
08330 
e8190 

.9428 

.E048 
-7905 
-7760 
e7615 
a7470 
07325 
-7180 
07036 
e6892 
-6750 
-6610 

06333 
-6 197 
6064 

e5932 
05803 
.5676 
a5551 

-6470 

O f  DT 

1.0000 
.9988 
-995 0 
.9889 
.9803 

9695 
.9564 . 9413 
a9244 
9056 

.8852 

.8635 

.8405 

.E165 

.7661 
e7916 

7401 
e7137 
6872 

,6606 
m6341 

6078 
e5819 
-5563 
.5313 

.4831 
5069 

m4600 
e4376 
m4160 

3952 
.3752 
.3559 
.3375 

3199 
-3031 

2870 
m27 17 
02572 
-2434 
2302 

w a +  

I 
11.5879 

5.8200 
3.9092 
2.9626 
2 -4020 
2.0345 
1.7775 
1.5897 
1.4483 
1.3397 

1 1881 
1.1355 
1.0943 
1 e0624 
1.0382 
1.0207 
1.0089 
1.0021 
1.0000 
1.0020 
1.0079 
1.0174 
1.0304 
1.0467 
1.0663 
1.0890 
1.1148 
1.1439 
1 I 7 6 0  
1.2114 
1.2501 
1 e2920 
1.3374 
1.3862 
1.4387 
1 e4949 
1.5549 
1.6189 
1.6871 

1.2548 

W P/PT T/TT D/DT A / * *  ------- RELATIVE TO IDEAL GAS VALUES------- 

.9995 

.9995 
09995 
,9995 
09995 
.9994 
.9994 
09994 
.9994 
09993 
.9993 
.9993 
-9992 
.9992 
-9992 
- 9 9 9 1  
m9991 

-9990 
9990 

-9990 
99 89 

.99 89 
.9989 
.99 89 

9988 
-9988 
-9988 
-9988 
09988 
.9987 
09987 

9987 
.9987 
-9987 
.99 87 
.9987 
-9987 
09987 
.9987 
09987 

- 9 9 9 1  

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .OOOO 
1.0000 
1.0000 

.9999 
9998 

.9998 

.9998 
-9998 
-9998 
-9998 
.999 8 
09998 
.9998 . 9998 
.9998 
.9998 
.9999 
.9999 
.9999 
09999 

1.0000 
1.0000 
1.01)00 

l .J3Ol 
1.0001 
1.0502 
1.0002 
1.0002 
1.0002 
1.0003 
1.0003 
1.0003 
1.0003 

i . aoo i  

1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1.0000 . 9999 

09999 
.9999 
09999 
.9999 
09998 
-9998 . 9998 
.9998 
09997 

09997 
09996 
-9996 
09996 
99 96 

09996 . 9995 
.9995 
.9995 
.9995 
.9994 
.9994 
09994 
.9994 
09994 
,9994 . 9993 
.9993 
09993 
.9993 
.9993 
.9993 
.9993 
09992 

09997 

1.0000 
1 .oooo 
1 . 0000 
1 .oooo 
1.0000 
1.0000 
1.0001 
1 moo01 
1.0001 
1.0001 
1.0000 
1.0000 
1.0000 
1.0001 
1 . O O O l  
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0002 
1 0003 
1.0003 
1.0003 
1.0004 
1.0004 
1.0004 
1 moo05 
1.0005 
1.0005 
1 0006 
1.0006 
1*0006 1 0006 

1 0007 
1.0007 
1.0007 
1.0007 
1.0007 
1 0007 
1.0008 

i 
.9997 
09997 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 . 9997 
.9999 . 9999 
.9999 
.9999 
.9999 

1.0003 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 1 .oooo 

1.0000 
.9999 
.9999 . 9999 
.9999 . 9999 
.9999 
09998 
,9998 
,9998 
-9998 
.9998 
.9998 
a9998 . 9998 



TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

UACH 

0.000 
.050 
.lo0 
.150 
,200 
e250 
a300 
-350 
0400  
a450 
500 

e550 
e600 
-650 
-700 
,750 
.a00 
- 8 5 0  
,900 
0950  

1 boo0 
1.050 
1.100 
1.150 
1.200 
1 e250 
1.300 
1.350 
1 a400 
1.450 
1.500 
1 e 5 5 0  
1.600 
1 e650 
1.700 
1.750 
1 .a00 
1.850 
1.900 
1.950 
2 .ooo 

REr/u 

0.  
5 0706E t 0 6  
1.138E t 0 7  
1 .698E t07  
2 247E t 0 7  

3.300Et07 
3.798E t07  

2.782E t07  

4.274Et07 
4.726EtOf 

5.548Et07 
5.916E to7 

6.563Et07 
6.84LE+07 
7.088E t 0 7  

7.494E to7  

5.151E t07 

6.255Et07 

7.306Et07 

7.654E t 0 7  
7.786Et07 
7.892Et07 
7.974€+07 
8.032 E to7  
8.067Et07 
8.383Et37 
8. 0 7 9 ~  to7 
8.058E t 5 7  
8.02OEt07 
7.968E +07 
7.903 Et07 
7.826Et07 
7.739Et07 
7 642E t 0 7  
7.537Et37 
7.425Et07 
7.307Et07 
7.184Et07 

6.791Et07 

7.056EtO7 
6.925€+07 

2 

.9935 
09935 
.9935 
09935 
.9935 
.9934 
.9934 
.9934 
.9934 
.9934 
.9934 
.9934 
,9934 
.9934 
09933 
,9933 
.9933 
.9933 
.9934 
,9934 
.9934 
.9934 
.9934 
.9935 
.9935 
,9935 
e9936 
-9936 
,9937 
.9937 
09938 
.9938 
.9939 
.9939 
-9940 
e9941 
a9941 
a9942 
09943 
,9944 
.9944 

1. T T  = 

GAUMA 

1.4139 
1.4139 
1.4139 
1.4138 
1.4138 
1.4137 
1.4136 
1.4135 

1.4133 

1.4130 

1.4127 

1.4134 

1.4132 

1.4129 

1.4125 
1 e4123 

1.4120 

1.4115 
1.4113 
1.4111 

1.4107 

1.4121 

1.4117 

1.4109 

1.4105 
1.4103 
1.4101 
1.4098 
1.4096 
1.4094 

1.4090 

1.4086 

1.4083 
1.4081 

1.4077 
1.4076 

1.4092 

1.4088 

1.4084 

1 e4079 

1.4074 

200 K 

n 
M/SEC 

287.82 
287.75 
287.52 
287 16 
286.65 

285.20 
285.99 

284.27 
283.22 
282.03 
280.73 
279.30 
277.77 
276 14 
274.41 
272.58 
270.68 
268.69 
266. t 3  

262.33 

257.81 

253.13 

248.32 
245.89 

240.97 

236.02 
233.54 
231. Ob 

264 51 

260.09 

255.49 

250.74 

243 e43 

238 49 

228.59 
226.13 
223.68 
221 e24 
218.81 
216.41 
214.02 

P T  = 3 ATH 

P / P T  

1 .oooo 
.9983 
.9930 

9844 
e9725 
.9573 
.9393 
-9186  
.a954 
8700 

e8427 

-7836 
e7524 
7205 

,6882 
e6556 
e6232 

.e138 

.5909 
-5592 
- 5 2 0 0  
.4977 
.468 2 
.4397 
e4123 

3860 
-3609 
.3370  
, 3 1 4 3  
. 2 9 2 8  
-2725  
-2534  

2354 
.2185 

2027 
.1880 

1742 
m1613 
.1454 
e1383 

1279 

T / T T  

L.0000 
.9995 
-9980 
.9955 
-9920 
.98r5 
.9822 
.5759 
,9687 
.9608 
e9520 
a9425 
09323 
-9215 
-9101  
-89 82 
-8858 
-8730 
.a598 
-0462 
-8324 
0 81 84 
.E042 
.7898 
,7754 
07609 
e7463 
.7318 

.7029 

.6885 
-6743 
-6603 
.6463 

e7173 

e6326 
m6190 
-6057 
.5925 
.5796 
e5669 
.5544 

01 = 5.155 KGM/H3 CON1 I NUED 

O/DT 

1.0000 
.9988 
-9951 

9089 
,9804 
96 94 

-9564 
9413 
9243 

-9056 

-8635 
.e406 
-8166 

,7663 

8852 

.7918 

7403 
e7139 
-6874 
-6608 
- 6  344 
.608 i  
-5822 

5567 
,5317 

5073 
.4835 
46 34 
e4381 
e4165 
-3956 
-3756 
e3564 
.3379 
03203 
-3035 
.2 874 
e2721 
e2575 

2437 
e2305 

A/A* 

I 
11.5812 

5 .a166 
3.9068 
2.9608 
2.4011 
2.0338 
1 e7770 
1.5894 
1.4481 
1.3394 
1.2546 
I .  1880 
I .  1354 
1 0943 
1.0624 
1.0382 
1 e0207 
1.0089 
1.0022 
1 .0000 
1.0021 
1.0079 
1.0174 

1 0467 
1 a0662 
100889  
1.1147 
1.1437 
1 1758 
1.2112 
1.2497 
1.2917 
1.3370 

1.4382 
1 a4943 
1.5543 
1.6183 
1 e6864 

1.0304 

1.3858 

O/QT A / A *  w P/PT T/ TT ------- RELATIVE TO IOEAL GAS VALUES------- 

.9984 

.9984 

.9984 

.9984 
9983 

.9983 
,9982 
09981 

9980 
-99  80 
.9979 
,9978 
.9977 
.9976 
.9974 
.9973 
-9972 
- 9 9 7 1  
09970 
.9969 
.9968 
-9968  
-9967 
e9966 
.9965 
-9965 
.9964 
-9963  
-9963 
.9963 
.9962 
.9962 
.9962 
.9961 
-9961 
.996 1 
99  61 

e9961 
m9960 
.9960 
-9960 

1.0300 
1.0000 

1.0000 

.9999 

.9998 
09998 
.9997 . 9996 

9996 
.9995 
.9995 
.9994 
09394 
.s994 . 9994 
.9994 . 9994 
.9994 
,9994 
.9995 
-9996 
-9996 
.9997 
.9998 
.9999 

1.0000 
1. coo1 
1. J 0 O l  
1.0002 
1.3003 
1 0004 

1 0006 
1.0007 
1.0008 

1.0309 
1.0010 
1.0010 

i.aooo 
i.oooi 

i.aoo5 

1. 0008 

1.0000 
1 .oooo 
1.0000 
1.0000 

.9999 
09999 
.9998 . 9998 
.9997 
.9997 
-9996 
.9995 
.9995 
,9994 
09993 
-9992 
09992 

9991 
09990 
-9990 
.9989 
.9988 
.9988 
.9987 
.99 87 
09986 
.9985 
09985 
,9985 
.9984 
.9984 
.9983 
.9983 
a9982 
-9982 

09981 
9981 

09980 

.9982 

-9980 
.99 80 

1.0000 
1 .oooo 
1.0000 
1.0001 
1.0001 
1. 0000 
1.0000 
1.0000 
I .  0000 
1.0000 
1.0001 
1.0001 
1.0001 1.0002 

1.0002 
1.0003 
1.0003 
1.0004 
1.0005 
1 e0006 
1.0007 
1.0007 
1.0006 
1.0009 
1.0010 
1.0011 
1.0012 
1.0013 
1.0014 
1.0015 
1.0016 
1.0017 
1,0018 
1.0018 
1.0019 
1.0019 
1.0020 
1.0020 
1.0021 
1.0021 
1.0021 

i 
e9991 

9991 
9991 

-9991 
.9993 
.9993 . 9994 
.9995 . 9995 
-9996 
.9997 
.9997 
.99 98 
.9999 
,9999 

1.0000 
1.0000 
1.0000 
1 .0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.oooc 

.9999 

.9999 

.9999 

.9998 . 9998 

.99 97 

.9997 
-9996 

9996 
-9996 
.9995 
.9995 
,9995 . 9994 
.9994 
.9994 



03 
0 

TABLE I .  REAL-GAS I S E N T R O P I C  EXPANSIONS OF NITROGEN 

MACH 

0.000 
.os0 
. loo 
e150 
.200 
-250 
e 3 0 0  
e350 
e400 
.450 

,550 
0600 
-650  
.-roo 
e750 
.a00 
.a50 
e900 
0950 

1 .ooo 
1.050 
1.100 
1 e150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 
1.500 

1 e600 
1.650 
1 e700 
1.750 
1 .BOO 
1 850 
1 e900 
1,950 
2 .ooo 

-500 

1.550 

REY/H 

0. 
9.487Et06 
1 891 Et07 
2.822E +07 
3.735Et07 
4.625E *07 

7.108Et07 
7.859€*07 
8.567Et07 

9.842E to7 

1.092E *08 
1.138E*O8 
1.18JE * 0 8  
1 -216E *OB 
1.247E * 0 8  
1.274€*08 

1 314E *O 8 
1.328€*08 

5.487Et07 
6.316E *07 

9.228Et07 

1.041Et08 

1.296E * 0 8  

1.338E t38 

1.347E to8  
1.346E t o 8  

1 344E*08 

1.343Et08 

1.329Et08 
1.3376*08 

1 318E *OB 

1.291 E *08  
1.305Et08 

1.275E *08  
1.258Et08 
1.239€*08 
1.223Et08 
1 199E *08 
1 178Et08 
1 156E *08 
1.134€*08 

z 

-9892 
09891 
.9891 
-989 1 
m9891 
a9891 
e9891 
-9890 
09890 
-9890 
09890 

9890 
09889 
.9889 
.9889 
.9889 
.9889 
.9889 
.9889 
09889 
.9889 
09890 
,9890 
09890 
e9891 
a9892 

9892 
.9893 
.9894 
.9895 
09895 
-9896 
09897 
.9898 
-9930 
e9901 
-9902 
-9903 
e9904 
09905 
e9906 

I. TT = 200 K 

G A M A  

1 4234 
1.4233 
1 A 2 3 3  

1.4232 

1.4229 
1.4227 
1.4225 

1.4221 

1.4216 

1.4232 

1.4230 

1.4223 

1.4219 

1.4213 
1.4210 
1 e4207 

1.4201 
1.4198 
1.4194 
1.4191 
1.4187 
1.4183 
1.4180 
1 e4176 

1 a4169 

1.4162 
1.4159 
1.4155 

1.4149 
1.4145 
1.4142 
1 a4139 

1.4133 
1.4130 
1.4127 
1.4125 

1.4204 

1.4173 

1.4166 

1.4152 

1.4136 

W 
M/SEC 

287.53 
207.45 
287 23 
286.86 
286.34 

284.87 
285.67 

283.93 

281.65 

278.89 

275.69 

202.85 

280.33 

277 34 

273.94 
272.10 
270.18 
268.17 
266.10 
263 -97 
261 77 
259.53 
257 23 
254.90 
252.54 
250. 14 
247.72 
245.28 
242 -82  
240.36 
237 89 
235.41 
232.94 
230.46 
228.00 
225.54 
223.09 

218.24 

213.45 

220.65 

215.83 

PT = 5 ATH 01 8.629 KGH/H3 CON1 I NUED 

P / P T  

I .  0000 
.998 3 
e9931 
.9 845 
-97 24 
-5572 
a9392 
- 9 1  84 
a8952 
-8698 

8425 
,8335 
07834 
e7522 

7203 
.6879 
.6554 

. 5  907 
a6229 

-5590 
-5279 . 497 5 
-4681 
04396 
e4122 
03860 

3609 

e3143 

e2726 

2355 
a2186 
2029 

. l a 8 1  
.1743 
n1615 
.1495 

1384 
.1281 

.I 3370 

-2929 

-2535 

T/TT 

1 .oooo 
09995 
,9980 . 9955 
-9919 
.9875 
-9821 
.975 7 
-9686 
09606 
-9518 
-9422 
09320 
e9212 
09097 
.E978 
.E853 
-8724 

8592 
.e457 
08318 
08178 
-8035 
07892 
.7747 
07602 
a7456 
a7311 
-7166 

m6879 
e6736 
06596 
a6456 
06319 
e6183 
-6050 
m5918 
05789 
-5662 
.5538 

-7022 

D/DT 

1.0000 . 9988 
,9951 
9890 

,9803 

9564 
-9413 

9243 
99056 
.E853 
-8636 

8407 
-8167 
07919 
,7665 

7405 
-7142 

e6611 
6 347 
6085 

,5826 
5571 

e5321 
5077 

e4840 
e4609 
.4385 
a4169 

3961 
e3761 

3568 
.3384 
3208 

e3039 
02878 
m2725 
-2579 

2441 
2309 

.9694 

-6877 

A/A*  

I 
11.5746 

5.8133 
3.9045 
2.9596 
2.3998 
2.0328 
1.7761 
1.5887 
1.4475 

1.2542 

1.1352 

1 e3389 

1.1877 

1.0941 
1 a0622 
1.0381 
1.0206 
1.0088 
1.0021 
1 .oooo 
1.0020 
1.0079 
1 0174 
1.0303- 
1.0466 
1.0660 
1.3887 
1.1145 

1 1756 
1.2109 
1 2494 
1.2913 
1.3365 
1.3853 
1.4377 
1.4938 
1.5537 
1.6176 
1.6857 

1.1435 

U P / P T  T/TT W O T  A / A *  ------- R E L A T I V E  TO I D E A L  GAS VALUES------ 

.9974 
09974 
.9974 
09973 

9972 
09972 

9970 
,9969 
-9968 
-9966 
-9965 
e9963 
09961 
.9959 
09958 
-9956 
.9954 

9952 
.9951 
.9949 
.9947 
9946 

.9945 

.9943 

.9942 
-9941 

9940 
.99 39 

9938 
.9937 
.9937 
-9936 
e9936 
.9935 
09935 
.9935 
09934 
.9934 
.9934 
.9934 
.9934 

1.0000 
1.0000 
1.0000 
1.0001 

,9999 
09998 
.9997 
-9996 
.9995 
09994 
.9993 
-9992 

9992 
9991 

09991 
-9990 
09990 
-9990 
-9991 
e9991 

9992 
.9993 
.9994 
09995 

9996 
09998 
.9999 

1 . 00 0 1 
1.0002 
1.0003 
1.0004 
1.0506 
1 .01)07 
1.0009 
1.OO10 
I. oow 
1.0013 
1.0014 
1.0315 
1.0316 
l.OJ17 

1.0000 
1.0000 
1 0000 

09999 
.9999 
09998 
,9997 . 9997 
-9996 . 9995 
.9993 
-9992 
e9991 
9990 . 99 89 

09988 
-9986 
.9985 . 99 84 
.9983 
.9982 
-9981 

9980 
09979 
.9978 
09977 

9976 
.9976 
.9975 
-9974 
.9973 
.99 73 

99 72 
09971 
-9971 

09969 

e9968 
996 8 

.9970 

.9969 

.9967 

1.0000 1.0000 

1.0001 
1.0001 
1.0000 
1.0000 
1.0000 
1.0001 1.0001 

1.0002 1.0001 

1.0002 
1.0003 
1 0004 
1.0004 
1 0005 
1.0007 
1.0008 
1.0009 
1.0011 
1.0012 
1 a0014 
1.0015 
1.0017 
1.0019 
1.0020 
1.0022 
1.0024 
1 e0025 
1.0025 
1.0027 
l.JO28 
1 moo29 
1.0031. 
1.0032 
1 0033 
1.0033 
1 a0034 
1.0035 
1 a0035 
lmO035 

i 
.9985 
.9985 
09985 
.99 87 
09988 
.99 89 

9990 
a9991 

9992 
.9993 
.9994 
e9996 
.9997 
.9997 
.9998 . 9999 

1.0000 .9999 

1 .oooo 
1.0000 
1.0000 
1.0000 

.9999 
.9999 
.9998 
.9998 
.9997 
-9996 

9997 
-9996 
.9995 
.9994 
.9994 
.9993 

9992 
m9992 

9992 
9991 

e9991 
9991 



TABLE I .  REAL-GAS I S E N T R O P I C  E X P A N S I O N S  OF NITROGEN 

MACH 

0.000 
e050 
0100 
a150 . 200 
.250 
a300 
-350 
,400 

.500 

-600 

a450 

0550 

e650 
-700 
.7SO 
.BOO 
.850 
900 

e950 
1. 000 
1 .os0 
1.100 
1.150 
1.200 
1.250 
1.300 
1 350 
1.400 
1.450 
1 .so0 
1.550 
1 e600 
1 m650 
1.700 
1 e750 
1 800 
1.850 
1.900 
1 e950 
2 . 000 

REY/W 

0. 
1.513E t07  
3 01 6E to7 
4 500E t 0 7  
5.956E t07  
7.376Et07 
8.750E +07 
1 007EtO8 
1.134E +08 
1.254Et08 
1.367E t o 8  
1.472E t o 8  
1.570E t o 8  
1.660Et08 
1.743E t o 8  
1 816E t o 8  
1.883Et08 
1 941E t o 8  
1 992Et08 
2.035Et08 
21071 Et08 
2.100Et08 
2e122E t o 8  
2.138Et08 
2.149EtOR 
2.154Et08 
2 154Et08 
2.149Et08 
2 140E t o 8  
2.127E e08 
2.11OEtO8 
2.091 E t o 8  
2.068E t o 8  
2 043 E t o 8  
2.016Et08 
1.986Et08 
1 .955f t08  
1.9236tO8 
1 -890EtO8 
1.855Et08 
1.820E t o 8  

L 

-9827 
-9827 
,9827 
e9827 
-9826 
e9826 
09826 

,9825 
e9824 

-9825 

-9824 

-9823 

,9822 

,9822 
-9822 

-9822 

-9823 

-9824 

a9823 

,9822 

-9822 

09822 

-9822 

-9823 

09824 
e9825 
-9826 

-9829 
-9830 
e9831 
99833 
.9834 
09836 
.9838 
.9839 

9841 
.9843 
,9845 
.9847 
.9849 

e9827 

I .  T T  = 

GAMMA 

1.4379 
1.4379 
1.4378 
1.4377 
1.4376 
1.4374 
1.4371 
1.4369 
1 e4366 
1.4363 

1.4355 
1.4351 
1.4347 
1.4342 
1.4337 
1.4332 

1.4359 

1.4327 

1.4316 

1.4304 

1.4321 

1.4310 

1.4299 
1.4293 
1.4287 
1.4281 

1.4270 

1.4259 

1.4248 
1.4242 
1.4237 
1.4232 

1.4276 

1.4264 

1.4253 

1.4227 

1.4217 
1 e4222 

1 e4213 
1.4208 
1.4204 

200 K 

W 
M/ S EC 

287 4 3  
287.05 
286 82 

285.90 
285 22 
284.40 
283.44 
282.34 
281 .ll 
279.76 
278 29 
276.72 
275.03 

271.39 
269.44 

286.44 

273 26 

267.41 

263.16 
265.32 

260.95 
258.68 
256.37 

251.65 
249 25 

254.03 

246.82 
244.37 
241.91 
239.44 
236.97 
234.49 
232.02 

227.08 

222.19 
219.76 
217.35 
214.96 
212.58 

229.55 

224.63 

PT = 8 ATM 

P/PT 

1 .oooo 
.9983 
-9931 
.9843 
e9723 
.9571 
a9390 
e9182 
.a949 
-8695 

8421 
e8132 
-7830 

-7199 
-7518 

e6874 
-6549 
-6224 
e5903 
a5586 
,5275 
,4972 
-4678 
.4394 
,4121 
.3858 
-3608 
e3370 

.29 29 

.3143 

-2726 
-2535 
-2356 
.218'F 
,2030 
. le82 

1744 
1616 
1496 

.1385 
.128 2 

T/TT 

1 .oooo 
.9995 
-9980 
.9954 
09919 
.9874 
m9819 
.9755 
96 83 

-9602 
-9514 

-9315 

.9091 

-9418 

92 06 

e8971 
a8846 
-8717 
.e584 
.e44 8 
e8310 
-8169 

8026 
-7882 
.7737 
.7592 
-7446 
- 7 3 0 1  
.7156 

-6868 

-6585 

-6308 

e7011 

-6726 

-6446 

61 73 
e6039 
05938 
.5779 
e5652 
.5527 

01 = 13.896 KGW/M3 CCkTIhUED 

D/DT 

1.0000 
.9988 

9951 
.9889 
a9803 
-9695 
.9565 
-9414 
.9244 
.9057 
.E854 
.e638 
-8409 

.79 22 
-7666 
.7407 

.6880 
-6615 

.6089 

.5576 

.SO83 

-8170 

m7144 

e6351 

-5831 

5327 

4 846 
-4615 
,4392 
-4176 
.3968 
-3767 
.3575 
.3390 
.32 14 
.3045 
,2884 
- 2  731 
.2585 
.2446 

2314 

A/A* 

I 
11.5620 

5.8068 
3.9007 
2.9566 
2.3974 
2.0309 
1.7746 
1.5874 
1.4465 
1.3381 
1.2535 
1.1871 
1.1347 
1.0937 
1 0621 
1.0380 
1.0206 
1.0088 
1.0021 
1.0000 
1.0020 
1.0079 
1.0174 
1.0303 

1.0659 
1.0885 
1.1 142 
1 1431 

1.0465 

1.1751 
1.2104 
1.2488 
1.2906 
1.3358 
1.3845 
1.4368 
1.4928 
1.5527 
1.6165 
1.6845 

W P/PT 1/11 W O T  A/&* ------- RELATIVE TO IDEAL GAS VALUES------ 

-9960 
-9960 
-9960 
09959 
.9957 
-9956 
09954 
e9952 
-9950 
.9947 
.9944 

9942 
,9939 
e9936 
,9933 
-9930 
.9927 

.9921 

.9919 

-9924 

9916 
99 14 

-9911 
.9909 
-9907 
-9905 
.9904 
-9902 
09901 
.9900 
.9899 
.9898 
.9897 
,9896 
.9895 
.9895 
.9895 
.9894 
.9894 
.9894 
.9894 

1. coo0 
1 . 0 ~ 0 0  
1.0000 

.9999 
,9998 
.9997 
.9995 
.9994 
a9992 
-9991 
.9989 
.9988 
.9J87 
-9986 
.9985 
09983 

9982 

.9983 

.9985 

.9986 
,9988 
.9990 
m9992 
.9994 
.9997 
.9999 

1.0002 

1.0r)07 
1.0010 
1.0013 
1.0015 
1.0018 
1.0020 
1.0022 
1.0324 
1.0026 
1.0027 

b9983 

b4984 

1. a005 

1.0029 

1 .oooo 
1.0000 
1 .oooo . 9999 

.9998 

.9997 
-9996 
.9994 
,9993 
a9991 
09990 
.9988 
.99 86 
.9984 
.9982 
-9980 
,9978 
09977 
.9975 
.9973 
a9972 
.9970 
.9968 
-9967 
e9966 
-9964 
-9963 
-9962 
09961 
-9960 
.9959 
.9958 
-9957 
.9956 
.9955 
09954 
.9953 
-9952 
e9951 
.9950 
.9949 

1.0000 
1.0000 
1.0001 
1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0002 
I .  0002 
1.0003 
1 0004 
1.0005 
1 a0007 
1.0008 
1.0008 
1.0010 
1.0011 
1.0014 
1.0016 
1.0018 
1.0021 
1 a0024 
1.0026 
1 e0029 
1.0032 

1.0037 
1.0040 

1.0045 
1.0047 
1.0049 
1 e0051 
1.0053 
1.0054 
1.0056 
1.0057 
1.0058 
1.0058 
1.0059 

1.0035 

lo0042 

i . 9974 
.9974 
.9975 
.9977 . E978 
.9979 
-9981 
.9983 
.9985 
.9987 
.9989 
.9990 
e9992 
.99% 
.9997 

9998 
.9999 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 
.9998 
.9997 

9996 
9995 . 9994 

,9993 
9991 

a9990 
.9989 
.9988 . 99 87 
9986 

.99 85 
09984 
.9983 
.9983 
-9982 

a, 
J 



TABLE 1. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
e050 
. loo 
0150 
.zoo 
0250 
-300 
-350 
-400 
-450 

-550 
-500 

- 6 0 0  
e650 
e700 
-750 
.EO0 

850 
-900 
- 9 5 0  

1 .000 
1.050 
1.100 
1.150 
1 .zoo 
1.250 
1 e300 
1.350 
1.400 
1.450 
1.500 
1.550 
1.600 
1 .C 50 
1.700 
1 e750 
1.800 

I 1 . 8 5 0  
1.900 
1.950 
2 .ooo 

R E Y / M  

9. 
1.887E*O7 
3.762Et07 
5.613E t07 
7.430EtO7 
9.201 E t07 

1.257€+08 
1.414E to8 
1.564E *08 
le705Et08 
1 837E to8 
1.959EtU8 
2.0726 t o 8  
2.174E to8 

2.350E to8 

1.092Et08 

2.267Et08 

2 A 2 3 E  t o 8  
2.486E t o 8  
2.541EtO8 
2 586E t J 8  
2.622Et08 

2 e672E to8 
2.651Et08 

2.685E t o 8  
2 0691 E to8 
2.692Et08 

2.675E608 

2.639Et08 
2.615E t o 8  
2.587E to8 
2.556Et08 
2.522Et08 
2.486E t o 8  
2.448Et08 
2.4C8Et08 

2.323Et08 

2.68bEt08 

2.660Et08 

2.366E t38  

2.279E to8 

2 

.9784 

.9784 

.9784 

.9784 

.9784 
09783 
-9763 
09782 
.9781 
- 9 7 8 1  
-9780 
.9779 
.9779 
.9778 
09778 
.9777 
09777 
.9777 

.9777 

.9777 

.977 8 
09779 
.9780 
-9781 
-9782 
09783 
.9785 
-9786 
.9788 
-9790 
e9792 
.9794 
09796 
09798 
09800 
e9802 
-9805 
m9807 

.97r7 

.97r7 

-9809 

I .  T T  = 200 K 

GAMMA 

1.4478 
1.4478 
1.4477 
1.4476 
1.4474 
1.4472 
1.4469 

1.4462 
1.445 8 
1.4454 
1.4449 
1 e4443 
1.4438 
1.4432 

1.4420 

1.4466 

1.4426 

1.4413 
1.4406 
1 e4399 
1.4392 

1.4378 

1.4364 

1.4349 

1.4335 
1,4328 

1.4314 

1.4300 

1.4288 

1 e4385 

1 e437 1 

1.4356 

1.4342 

1.4321 

1.4307 

1.4294 

1.428 1 
1.4275 

1.4264 
1.4270 

1.4258 

w 
w s E c  

286.86 
286 81 
286.57 
286.18 
285.64 
284.95 
284.11 
283.13 
282.01 
280.77 
279.40 
277.91 

274.61 

270.93 

266.91 

262.63 
260.40 

255.80 

276.31 

272.81 

268.96 

264.80 

258 12 

253.45 
251.06 
248.65 

243.77 
241 30 

236 s 36 

231 e41 
228.94 
226.48 
224 03 
221 59 
219.17 
216.76 
214.37 
212. 00 

246.22 

238.83 

233.88 

PT = 10 ATM OT * 17.446 KGM/M3 CONT I NUEO 

P/PT 

1.0005 
.9983 
.9931 
-9842 
,9722 
.9570 
.9389 
,9180 
.E947 

8692 
.E419 
.e128 
m7825 
.7513 

.6871 

.6546 

-7194 

e6221 
05900 
.5583 
.5273 
.4970 
.4676 
.4393 
-4120 
03858 
-3608 

3310 
e3143 
02929 

27 27 
- 2 5 3 6  

2357 
.2188 

203 1 
-1883 

1745 
e1617 
1497 
1386 

m1283 

1/11 

1.3000 
.9995 
.9979 
.9954 
e9918 
.9873 
.9818 
09754 
.9681 

9600 
-9511 
.9415 

.9203 

,8967 
-8842 
.E712 
.a579 
.E443 
.E354 
e8163 
.a020 
.7876 
-7731 
-7586 
-7440 
.7294 
,7149 

-9312 

-9087 

07005 
-6861 
,6719 
.6578 
-6439 
-6302 

-6033 
-5901 
057.72 
-5645 
-5520 

.6166 

D/DT 

1.0000 
.9988 
.9952 
.9889 
-9803 

9695 
.9565 

.9 245 . 9058 
.E855 
.e637 
.E409 
.E170 
-7922 
-7668 
.7409 
.7 147 

-6618 
-6354 
.6093 
.5835 
.5580 
-5331 

.4850 
e4620 
A 3 9 7  
041 81 
.3973 
.3772 
-3580 
.3395 

321 9 
.3050 

.2735 

9414 

6883 

e5088 

m2889 

2589 
2450 

.2318 

A / A *  

I 
11 e5527 
5.8022 

2.9546 
2.3959 

1.7737 
1.5867 
1.4459 
1.3375 

1.1870 
1.1347 
1.0938 
1.0620 
1.0380 
1.0205 
1.0088 
1.0022 
1.0000 
1.0020 
1.3079 
1.0173 
1,0302 

1.0658 
1.0884 

3.8981 

2.0297 

1.2534 

1 0464 

1.1141 
1,1429 
1 1749 
1.2100 
1 2485 
1.2902 
1.3353 
1.3839 
1.4362 
1.4921 
1.5519 
1.6157 
1.6837 

w P/PT 1/11 D/DT A / A *  ------- RELATIVE T O  IDEAL GAS VALUES------ 

9952 
9952 

-9951 
.9950 
.9948 

9946 
.9944 
e9941 
.9938 
09935 
- 9 9 3 1  
-9928 
-9924 
-9920 
.9917 
.9913 
e9909 
-9905 
-9902 
.9898 
09895 
-9892 
.9889 
.9887 
.9884 
-9882 
-9880 
09878 

9876 
.9874 
.9873 
a9872 
9871 

9869 
-9868 
09868 

9867 
09867 
a9867 
09867 

-9870 

1.0000 
1.0000 
1.3001 

.9998 

.9997 
e 9996 
.9994 
m9992 
-9990 
09988 
.9987 
.S983 
e9981 
-9980 
.9979 
.9978 
.9978 
e9978 
,9978 
.9979 
09981 

9982 
.5985 
.9987 
-9990 
.99 93 
-9996 
,9999 
1.0003 
1 Od06 
1.0010 
1.0013 
1.0016 
1.0020 
1.0023 
1.0026 
1.0028 
1.0031 
1.0033 
1.0035 
1.0037 

1.0000 
1.0000 

09999 
.9999 
.9998 
m9996 
.9995 
.9993 
9991 

09989 
,9987 
09985 
-9982 
,9980 
.9978 
-9975 
.9973 
-9971 
09969 

9967 
09965 

996 3 
09961 
.9959 
.9958 
-9956 
.9955 
.9953 
9952 

09950 
.9949 
09948 
e9946 

9945 
09944 
.9943 
a9942 
m9940 . 9939 
.9938 
09937 

1.0000 
1.0000 
1.0001 
1 .oooo 
1.0000 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0004 
1.0003 
1.0005 
1.0006 
1.0008 
1.0010 
1.0012 
1.0015 
1.0017 
1.0020 
1.0024 
1 a0027 
1.0030 
1 e0034 
1.0037 
1.0041 
1.0048 1.0044 

1.0051 
1.0054 
1 0057 
1.0060 
1.0063 
1.0065 
1 e0067 
1. 0069 
1.0071 
1 .OO72 
1.0074 
1 0075 
1.0075 

1 
9967 
9966 

a9969 
9970 

-9972 
0 9974 
-9976 
.9978 

9981 
.9983 
, 99 87 
e9990 
m9992 
.9994 
-9996 
.9998 
.9999 

1.0000 1.0000 

1.0000 
1.0000 
1.0000 

.9999 

.9998 
.9997 
.9995 
.9994 
a9992 

9991 
.9989 
09987 
e9986 
.9984 
.9983 

9982 
.9981 
99 80 

.9979 
.9978 
.9978 



TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
-050 
. loo 
e150 
.zoo 

250 
0300 
e350 

e450 
-500 
.550 
-600 
0650  

’e700 
- 7 5 0  
.eo0 
0850 

900 
.950 

1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1 e400 
1.450 
1 0500 
1 550 
1 e600 
1.650 
1 a700 
1 750 
1.800 
1.850 
1.900 
1.950 
2.000 

.400 

REY/M 

0. 
2.818€+07 
5.61 7Et07 
8.382E+07 
1 109E e08 
1.374Et08 
1.630€+08 
1.876€+08 
2 . 112 E +08 
2.336Et08 
2 o546E *08 
2.744Et08 
2.927E+O8 
3 095E e08 
3.249€+08 
3.389Et08 
3.513Et08 
30623Et08 
3.719€+08 
3 801 E +O 8 
30870E +OB 
3.926Et08 
3 970E to8 
4.002E to8 
4.024Et08 
4.035Et08 
4.037E +08 
4.030Et08 
4.016Et08 

3 -9  65 E to8 
3.930€+08 
3.889€+08 
3 844E e08 
3.795€+08 
3 742 E e08 
3.685€*08 
3 626 E +08 
3.564Et08 
3.500E +OB 
3 -43 5E e08 

3.993Et08 

2 

9679 
.9679 
.9679 
.9678 

.9677 

.9674 

-9677 

-9675 

09673 
-9672 
.9671 
.9669 
-9668 
-9667 
9666 

09665 

9664 
9663 

.9664 

.9663 

.9664 
-9664 
.9665 

,9667 

e9663 

09666 

09669 
9671 

e9673 
.9675 
.9677 
-9680 . 9683 
-9686 
e9689 
969 2 

-9695 

09702 
-9705 
-9709 

.9698 

I .  TT = 

GAHHA 

1.4735 
1.4735 
t .4734 
1.4732 
1.4729 
1.4726 
1.4722 
1.4717 
1.4711 
1 e4705 

1.4692 

1.4676 
1.4667 
1.4658 
1.4648 
1.4630 
1.4628 

1 e4607 

1 e4586 

1.4564 

1.4542 
1 .4531  
1.4520 
1 e4509 
1.4499 
1.4488 
1.4478 
1.4467 
1.4458 
1.4448 
1.4438 
1.4429 
1 e4420 
1.4411 
1.4403 

1.4699 

1.4684 

1.4618 

1.4597 

1.4575 

1.4553 

200 K 

W 
w s E c  

28b.37 
286.29 
286.04 
285.63 
285 06 
284.34 
283.46 
282.44 
281.27 
279 e97 

277 e01 
275.35 
273 e60 
271.74 
269.80 

278.55 

267 -78  

263.53 
265.69 

261.32 
259.05 

254.39 
252.00 
249.59 
247 16 
244.71 
242 25 
239.78 
237 30 
234.82 
232.34 
229.87 
227.41 
224.95 
222.51 
220.08 
217.67 
215 e28 
212.90 
210.55 

256.14 

PT = 15 ATH 

P/PT 

1 .ouoo 
09983 
e9929 
-5842  

972 1 
-9568 

9386 
-9175 

8941 
-8685 

841 0 
.e120 
. l e 1 7  
-7504 
-7185 
e6862 
e6537 
06213  
.5893 
.5577 
e5267 
-4965  
467 2 
4390 

e4117 
-3856 

36C7 
e3370 
03144  

2930 
- 2 7 2 8  
a2538 

2359 
eZ l91  
-2033 
m1886 
-1748 

1620 
1500 
1389 

e 1286 

T/TT 

1 .oooo 
.9995 
.9979 
.995 3 
a9917 
.9871 

.9751 
.9677 
.9595 
-9505 
.9408 
-93 04 

-9077 

-8830 
.E700 

-9816 

a9194 

e8956 

.a566 
8430 

e8290 
8149 

,8006 
-7861 
e7716 
-7570 
,7424 
-7279 
-7134 
,6989 
-6846 

-6563 
e6703 

06423 
a6286 
06150 
e6017 
-5886 
-5756 

-5505 
.5630 

OT .= 26.454 KW/M3 C O N 1  I N U E O  

O/OT 

1.0000 
0 9988 
-9950 
.9889 
09804 
-9696 

9566 
e9414 
9245 

-9058 
.a855 
-8639 
-8411 

8173 
-7926 

7673 
e7415 

7153 

6626 
-6364 
-61 03 
.5845 
.55 92 
.5343 
-5100 
-4863  
.4633 

,6890 

-4410  
-4194 
.3986 
-3786 
.3593 

3408 
-3232 

3062 
a2901 
2747 

-2600 
2461 

-2328 

A/A* 

I 
11.5300 

5.7918 

2.9493 
3 .e908 

2.3918 
2.0265 
1.7714 
1.5849 
1.4445 
1.3366 
1.2524 

1.1342 

1.0617 
1.0379 
1 0205 
1.0088 
100022 
1.0001 
1.0021 
1.0079 
1.0173 
1.0301 
1.0462 
1.0655 
1.0880 
1.1136 
1.1423 
1.1741 
1.2091 

1.2890 
1.3340 
1.3824 
1.4345 
1.4903 
1.5499 
1.6136 
1.6814 

1.1863 

1.0933 

1.2474 

. I ”  I 

W P/PT T/TT C/DT A/A* ------- RELATIVE TO IOEAL GAS VALUES------ 

.9934 . 9934 
.9932 
09931  
m9928 
-9925 

9921 
e9917 
m9912 

9907 
e9901 
-9896 
09890 
,9884 
.9878 

9872 
-9866 
-9860 
.9854 
09849 
.9844 
0 9839 
.9834 
a9830 

9826 
a9822 

9819 
e9816 
09813 
.9811 
09809 

9807 
a9805 

9804 
09802 
.9801 
09801  
09800 
.9799 
09799  
09799 

1.0000 
1.0000 

.9999 

.9997 
a9996 
.9993 
a9991 
-9986 
.9983 
.9979 
-9976 
.9973 
09970 
-9968 
-9366 
-9965 
-9964  

9964 
9965 
9967 

-9969 
09772 
.9975 
.9979 
,9983 
09988 
,9993 

9998  
1.0004 
1.0009 
1.0015 
1.0020 
1.0026 
1.0031 
1 0036 
1.0040 
1.0045 
1.0048 
1.0052 
1.0055 1.0058 

1 .oooo 
1.0000 

.9999 
09998 
m9996 
.9995 
09992 
-9990 
-9907 
,9984 
09981 
.9977 
09974 
m9970 

9967 
e9964 

9960 
.9957 
.9954 
09951 
..9948 
09945 
.9943 

9940 
.9938 

9936 
9934 

-9932 
09930 

9928 
09926 
e9924 
9922 
9921 

-9919 
e9917 
09916 
09914 

9912 
099 10 
-9909 

1.0001 1.0000 

1.0002 1.i)OOl 

1.0000 
1.0000 
1.0001 

1.0001 
1.0002 
1.0003 
1.0004 
1 0006 
1.0008 
1.0010 
1.0013 
1 a0016 
1.0019 
1 e0023 
1.0028 
1.0033 
1.0037 
1.0043 
1.0048 

1 e0059 

1.0070 
1.0076 
1.0081 
1 0086 
1.0091 
1 0096 
1.0100 
1.0104 
1,0108 
1.0111 
1.0113 
1.0116 
100118 
1.0119 
1.0120 

1.0054 

1.0065 

I . 9947 
.9948 
9950 

e9952 . 9955 
09958 
-5963 

9967 
.9971 . 9976 
.9980 
0 9984 
.9987 
-9991 
,9993 
.9996 
.9998 

1.0000 
1.0000 
1.0001 
1.0000 
1 .oooo 

09998 
.9997 
,9995 
.9993 
-9991  . 9988 
-9986 . 9983 
e9980 . 9978 
09975 
.9973 

9971 
m9969 
09968 
-9966 

9965 
9965 



CX, 
& 

TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.300 
-050 
.loo 
150 
.2ao 
e250 
a300 
0350 
,400 
-450 
500 
.550 
.600 
e650 
a700 
.750 
.BOO 
-850 
-900 
-950 

1 .ooo 
1.050 
1.100 
1.150 
1.200 
1.250 
1 a300 
1.350 
1.400 
1.450 
1.500 
1.550 
1 600 
1.650 
1.700 
1 e750 
1.800 
1.850 
1.900 
1.950 
2.000 

R E Y / M  

0. 
3.743Et07 
7.461E +07 
1.113Et08 
1.474E +08 
1.825E to8 
2.16 5E t o 8  
2.492€+08 
2.8OSEtO8 
3.103E t38 

3.645E408 
3.383Et08 

3 889E 408 
4.113E to8 
40319Et08 
4 504E t o 8  
4.671E408 
4.81 8 E t 0 8  

5.057€+08 
5.150Et08 
5.227E t o 8  
5.287E +OB 
5 0331 E to8 
5.362Et08 
5.379E 408 
5.384Et08 
5.3776+08 
5.359€+08 
5 332 E to8 
5.29SEt08 

5.198Et08 
5-140Et08 
5 0075 E to8 
5 OO5E to8 
4a931Ee08 
4.854Et08 
4.773EtO8 
4.689E e08 
4a603Et08 

4.947Et08 

5.250E to8 

L 

-9576 
9576 
-9515 
.9574 
.9573 
-9572 
-9570 
09568 
-9566 
09564 
9562 
-9560 
.9558 
e9556 
09554 
.9552 
09551 
e9550 . 9549 
.9548 
.9548 
.9548 
.9548 
.9549 
e9550 
09552 
.9553 
9556 
.9558 
.9561 
a9564 
09567 
-9570 
.9574 
09578 
-9582 
09586 
a9591 
09595 
09600 
09604 

1. TT  = 

GAMMA 

1.5005 
1 a5004 

1.5000 
1.4997 
1.4992 
1.4987 
1.4981 
1.4974 
1.4966 
1 m4957 
1.4948 
1 e4938 
1.4927 
1.4916 
1.4904 
1.4891 
1.4878 
1.4865 
1.4851 
1.4837 
1.4822 
1.4808 
1.479 3 
1.4778 
1.4764 
1.4749 
1.4734 
1.4719 
1.4705 
1 e4690 
1.4676 
1.4662 
1.4648 
1.4634 
1.4621 
1.4608 
1.4595 
1.4583 
1.4570 
1.4559 

1.5003 

200 K 

W 
w s E c  

285.99 
285.90 
285.64 
285 21 
284.62 
283.85 
282.93 
281.86 
280.64 
279.28 
277 80 

274 a48 

270.74 

266.66 
264.51 
262.30 
260 03 

276.19 

272.66 

268.74 

257.72 
255.37 
252.98 
250.57 
248.13 
245.67 

240.72 
238 24 
235.75 
233 27 
230.79 
228 -32 
225.86 
223.41 
220.97 
218.55 
216.15 
213.17 
211 -41 
209.07 

243.20 

PT = 20 ATM DT = 35.653 KGM/M3 

P /PT  

1. a000 
a9983 
9929 
e9841 
-5119 
.9564 
-9380 
9169 
.a934 
8677 
-8401 
.Ell0 
e7807 
1494 
-7175 
-6852 
6528 
e6204 
.5884 
a5569 
5260 
.4959 
-4668 
-4386 
-4115 
03855 
e3606 
3369 
a3144 
02931 
2730 
2540 
236 1 

,2194 
203 6 
1889 
1751 
e1623 
1504 
01392 
1289 

T / T T  

1.0000 
.9995 
.9979 
.9953 
9916 
a9869 
-9813 . 9747 
e9673 
09590 
.9499 
-9401 
,9296 
91 85 
-9068 
8946 
08819 
-8688 
08554 
08417 
8277 

e8135 
07991 
.7847 
07701 
e7556 
-7410 
07264 
m7119 
06974 
06831 
.6689 
06448 
6409 
,6271 
06136 
06002 
m5871 
5742 
-5615 
05491 

O/DT A / A *  

I 
.9988 11 -5049 
09951 5.7795 

1.0000 

.9889 

.9804 
9695 
e9565 
9415 
a9245 
9059 
.E857 
8642 

m84 14 
.8177 
e7931 
07678 
7421 
-7161 
0 6898 
-6636 
6374 
-6114 
.5857 
5605 
.5357 
,5114 
,4878 
4648 
a-25 
04210 
,4002 
03801 
3609 
e3424 
3246 
03076 
2914 
2760 

a 2613 
-2473 
2340 

3.8828 
2 -9435 
2.3878 
2.0234 
1.7687 
1.5828 
1.4428 
1.3352 
1.2514 
1.1855 
1 a1336 
1 0929 
1.0614 
1.0376 
1.0203 
1.0087 
1.0021 
1.0000 
1.0020 
1.0078 
1.0171 
1.0299 
1.0459 
1.0651 
1.0875 
1.1129 
1.1415 
1 1732 
1.2080 
1.2461 
1 e2875 
1.3326 
1.3809 
1.4328 
1 e4884 
1.5477 
1.6112 
1.6788 

CONT INUEO 

w P /PT  T / T T  O/DT * / A *  ------- R E L A T I V E  TO IOEAL GAS VALUES------ 

-9921 
-9920 
09919 
9916 

9908 
-9903 
.9897 
-9890 
09882 
9875 
09867 
-9858 
e9850 
-9841 
.9833 
e9824 
98 16 
a9808 
.9801 
09794 
.9787 
-9780 
9774 
.9769 
-9763 
.9759 . 97 54 
.9751 
09747 
.9744 
09741 
.9739 
09737 
.9735 
-9734 
.9733 
09732 
a9731 
-9730 
09130 

.99 13 

1.0000 
1.0000 
09998 
.9997 . 9994 
-9989 
-9985 
a9980 
.9975 
09971 
9966 
09962 
9958 
.9955 
-9952 
-9951 
9950 
09951 
09952 
.9954 
.9957 
a9961 
09966 
.9972 
.9978 
.9984 
9991 
.9999 

1.0007 
1 0014 
1.0022 
1 0030 
1.0037 
1.0045 
1.0050 
1.0056 
1.0062 
1.0068 
le0073 
1.0078 
1.0082 

1.0000 1.0000 

09999 
.9997 
.9995 
.9993 
9990 
-9986 
9982 
09978 . 9974 
-9970 
a9965 
09961 
09956 
9952 
09948 . 9943 
09940 
m9936 
09932 
e9929 
99 25 
09922 
a9919 
-9917 
-9914 
09912 
9909 

a 9 9 0 7  
-9905 
a9902 
-9900 
09898 
a9896 . 9894 
09892 
a9889 
e9887 
09885 
e9883 

1.0000 
1.0000 1.0001 

1.0001 
le0001 
1 .OOOl 
1.0001 
1.0002 
1 a 0003 
1.0004 
1 0006 
1.0009 
1.0011 
1.0015 
1.0019 
1.0024 
1.0029 
1.0035 
1.0041 i.ao4i 

1.0055 
1. 0062 
1.0070 
1.0078 1.0086 

1.0094 
1.0101 
1 mol09 
1.0117 
1.0124 
1.0131 
1.0138 
1 0144 
1.0150 
1.0153 
la0157 
l a 0 1 4 1  
1.0165 
le0167 
1.0169 
1.0171 

I 
09925 
9927 
-9929 
9932 
a9938 
.9943 
.9948 
.9954 
a 9 9 6 0  
m9966 
9972 
.9977 
9982 
.99 87 
9991 
.9994 . 9997 
.9999 

1.0000 
1.0000 1.0000 . 9999 
.9997 . 9995 
a9992 
.9989 
.9985 
9982 
09978 
09975 
a 9971 
-9967 
0 9964 
-9963 
9960 
09957 . 9955 
.9953 
-9951  
09950 



T A 8 i E  I .  REAL-GAS ISENTROPIC EXPANSIONS DF NITROGEN 

MACH 

0.000 
-050 
. l o o  
-150 
.200 
-250 
-300 
e350 
e400 
-450 
-500 

-600 
a t  50 
-700 
-750 
.800 
.850 

900 
.950 

1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1 e350 
1.400 
1.450 
1 e 5 0 0  
1.550 
1.600 
1.650 
1.700 
1.750 
1 .800 
1.850 
1.900 
1.950 
2.000 

a550 

R E Y / M  

0. 
4.664E t07 
9.2 97E t07  
1.387EtJ8 
1.836Et08 
2.274E to8 
2.698Et08 
3.105Et08 
3.495E to8 
3.866Et08 
4.215Et08 
4.542E to8 
4.846 E to8 
5.126Et08 
5.383E to8 
5.614E to8 
5.822Et08 
6.007E to8 
6.169E *08 
60308Et08 
6.426Et08 
6.522Et08 

6.657Et08 
6.599Et08 

6.698E to8 
6.72lEtOL) 
6.729Et08 

6 703 E to8  
6 e671 €+OB 

6e575Et08 

6 441 E t o 8  
6.363Et08 
60278EtCI8 
ba187Et08 
6.092Et08 

5 0 9 8 8 E t 0 8  
5.781EtO8 

6.723E to8 

6 -628Et08 

6.512Et08 

5.992E t o 8  

2 

.9475 

.9474 

.9474 
-9472 
9471 

-9469 

-9463 
09461 
.9457 
09454 
e9451 
.9448 
.9445 
-9442 
.9439 
.94 37 
.9435 
.9433 
09432 
.9431 

e9431 

09466 

,9431 

-9431 
e9432 
.9434 
09436 
.9438 
-9441 
.9444 
09447 
9451 

.945 5 

.9459 

.9464 

.9469 

.9474 
09479 
.9485 
09490 
-9496 

I .  T T  = 

GAMMA 

1.5286 
1.5286 
1 a5284 
1.5281 

1.5272 

1.5258 

1.5277 

1.5266 

1.5250 
1.5240 
1.5230 
1.5238 

1.5193 

1.5164 

1.5132 
1.5116 
1.5099 
1.5081 

1 e5045 

1.5008 
1 A 9 9 0  
1.4971 
1.4952 
1.4933 
1.4915 
1.4896 
1.4878 
1.4860 
1.4842 
1.4825 

1.5206 

1.5179 

1.5148 

1.5063 

1.5027 

1 e4808 
1.4791 
1.4775 
1.4759 
1.4743 
1.4728 

200 K 

W 
M / S E C  

285.77 
285.68 
285.40 
284.95 

283.51 
284.31 

282.54 
281 a41 
280.13 

277.15 
275.48 

271 e79 

267 14 

263.38 

258.79 
256.43 
254. 03 
251 -60 

278.71 

273.69 

269.81 

265.59 

261.11 

249.15 
246 68 
244 20 
241.71 

236.71 

231.72 
229.23 
226.76 
224.30 
221.85 
219.42 
217.01 
214.62 

209.90 
207.57 

239.21 

234.21 

212.25 

PT = 25 ATM 

P / P T  

1 .oooo 
.9983 
-9928 
. S 8 4 0  
e9716 . S561 

9376 
-9164 
.a927 
-8669 

8392 
.8100 
-7796 
.7483 
-7164 
a6840 
-6516 
~ 6 1 9 3  
.5874 
5560 

-5252 
-4952 
-4661 
-4381 

- 3 8 5 2  

-3368 

-4111 

-3604 

e 3 1 4 4  
2932 
2731 

-2542 

2196 
2039 

e1892 
1755 
1626 

-1507 
1395 

-1292 

-2364 

T / T T  

1 .oooo 
.9995 
.9979 
-9952 
,9915 
.9867 
a9810 
.9744 
.9669 
.9585 
.9493 
.93 94 
-9288 
e9176 
.905 8 
.e935 
.8808 
-8677 
.E542 
8404 

,8264 
.a122 
.7978 
.7833 
a7688 
,7542 

.7250 
e7396 

m7105 
e6961 
06817 
e6675 
06534 
-6395 
,6258 
a6123 
,5989 
.5858 
-5729 
05602 
.5478 

01 = 45.042 KGM/F(3 CONTINUED 

D/DT 

1.0000 
.9988 
-9951 
9890 

-9803 
-9695 
-9565 
-9415 
-9247 
e9061 
.8859 
-8644 
e 841 8 
. e l 8 1  
-7936 
e7683 
-7427 

.6907 

-6384 

-7168 

6645 

06126 
-5870 
e5618 
-5371 
-5129 
.4893 
-4664 
4441 

-4226 
e4018 
.3818 
-3625 
.3440 
-3262 

3092 

a2775 
-2627 
2487 

-2353 

-2930 

A / A *  

I 
11.4748 
5.7 647 
3.8731 
2 e9369 
2.3825 
2.0192 
1.7654 
1.5801 
1.4407 
1.3335 
1 e2500 
1.1844 
1.1327 

1.0611 
1.0922 

1.0374 
1 m0203 
1.0087 
1.0021 
1 .oooo 
1.0020 
1.0078 
1.0171 
1.0298 
1.045 7 
1.0648 
1.0870 
1.1123 
1.1407 
1.1723 

1.2449 
1.2861 

1.2070 

1.3307 
1,3788 
1.4305 
1.4859 
1.5452 
1.6084 
1.6759 

T/TT O/Ol M A *  W P/Pl -----_- RELATIVE TO IDEAL GAS VALUES------- 

-9913 
09912 

a9907 
9902 

-9896 
.9889 
e9881 
a9872 
-9862 
09852 

-99  LO 

-9841 
-9830 
e9839 
e9807 
9796 

,9785 
.9774 
-9764 
09754 
.9744 
09735 

97 27 
09719 
-9712 
a9705 
,9699 
-9693 
e9688 
,9683 
09679 

09672 
9670 

-9667 
9665 

a9664 
9663 

-9662 
-9661 
~ 9 6 6 0  

,9676 

1.0000 
1.OJOO 

.9998 
09995 
-9990 
.9905 
.9900 
.9974 
.9967 
-9961 
09955 
.9949 
.9944 
-9940 . 9937 
.9933 
-9932 
.9933 
.9934 
.9937 

9941 
-9946 
m9952 
09960 
.9968 
,9976 
.9986 
.9995 

1 0006 
1.0016 
1.0026 1.0036 

1.0046 

1.0065 
1 0073 
l.dJ82 
1 0089 
1.0096 
1.0102 
1.0107 

1.0056 

1.0000 
1.0000 

,9998 
09997 
.9994 
09991 
.9987 
.9983 
.9974 
.9973 
e9968 
9962 

.9957 
e 9951 
09946 
9940 

.9935 
e9930 
09925 
m9921 
e9917 
09913 

9909 
09905 
e9902 
.9899 
-9896 
.9893 
-9890 
.98 87 
09885 
-9882 
09880 
.9877 
09075 
a9872 
m9870 
-9867 
9 865 

09862 
09859 

1.0000 
1.0001 
1.0001 
1.0001 
1.0000 
1.0001 
1.0002 
1.0003 
1.0004 
1.0006 
1.0009 
1 . 0012 
1.0016 
1.0020 
1.0026 
1.0030 
1.0037 
1.0044 
1 0052 
1.0061 
1.0071 1.0080 

1 0091 
1.0101 
1.0112 
1.0122 
1 e0133 
1.0143 
1.0153 
1.0163 
1.0172 
1.0181 
1.0189 
1 0197 
1.0204 
1.0210 
1.0215 
1.0220 
1.0223 
1.0226 
1.0228 

I 
09899 
m9902 
9905 

e9910 
9916 

-9922 
9929 

.9937 

.9945 

.9953 
9960 

0 9968 
.9974 

9981 
.9988 
9992 

.9996 
0 9998 

1.0000 
1.0000 
1.0000 

,9998 
9996 

.9993 
9990 

e9986 
9982 

.9977 
-9972 
-9967 
m9962 . 9957 
.9953 . 9949 
.9945 . 9941 
.9938 . 9935 
09933 
9932 



MACH 

0.000 
.os0 
0100 
.150 
.zoo 
.250 
e300 
-350 
-400 
0450 
. S O 0  
0550 
.600 
0650 

700 
- 7 5 0  
.a00 
.E50  
-900 
-950 

1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1 350 
1.400 
1.450 
1 e500 
1.550 
1 e600 
1.650 
1.700 
1.750 
1.800 
1.850 
1 900 
1.950 
2.000 

R E Y / M  

0. 
5 582E +07 
1 11 3E +08 
1 -660E t o 8  

2.721€+08 
2.197Et38 

3.22 8E +58 
3.716€+08 
4.183€+08 

5.043E t o 8  

5.798€+08 

4.626E+U8 

50434Et08 

6 134E +08 
6 441 E e08 
6.7 19E +08 
6.970Et08 
7.192E +i)8 
7.387€+08 
7 555E t o 8  
7.698Et08 
7.816E + O B  
7.910€+08 
7.982€+08 
8 033 E +58 
8.064Et08 
8.077 € +08 
8*072E+08 
8.05 1E to8  
8.016E+J8 
7.966€+08 
7 905E to8 

7 075 JE +OB 
7.658€+08 
7 -55  9E to8 
7.452€+08 
7.339€+38 
7.221€+08 
7.098Et08 
60972Et08 

7.833E to8  

2 

-9376 
.9375 
09374 
.9373 
e9371 
e9368 
.9364 
.9361 
.9357 
e9352 
.9348 
09343 
.9339 
.9334 
a9330 
-9327 
-9323 
-9320 

-9315 
-9337 

e9313 
e9312 
a9312 
,9312 
09312 
-9314 
e9315 
a9317 
a9320 
e9324 

09331 
e9336 
09341 

9346 
.9352 
.935 8 
-9364 

9371 
09377 
09984 

.9327 

I. TT = 

GAMMA 

1.5580 
1.5580 
1.5578 
1.5575 
1.5570 
1.5564 
1.5537 
1.5548 
1.5539 
1.5528 
1.5516 
1.5502 
.1 548 8 
1.5473 
1.5457 
1.5439 
1 S 4 2 1  

1.5383 

1.5342 
1.5321 
1.5299 
1.5277 
1.5255 
1.5233 
1.5210 
1.5187 
1.5165 
1.5142 
1.5120 
1.5097 
1 5075 
1.5054 
1.5032 
1.5011 
1.4990 
1.4970 

1.493 1 

1.5403 

1.5363 

1 e4950 

1.4912 

TABLE I REAL-GAS I S E N T R O P I C  EXPANSIONS OF NITROGEN 

200 K 

W 
M/SEC 

285.71 
285.61 

284.84 
285.32 

284.17 
283 31  
282.29 
281.09 
279.75 
278.25 
276.62 
274.86 

271.02 

266.81 

272.99 

268.96 

264.59 
262.31 
259.98 
257.60 
255 18 
252.73 
250.25 
247 -76 
245.25 
242 e74 

237 e 7 0  
240.22 

235.18 
232.67 
230.16 
227 -67 
225.20 
222.73 
220.29 

215.46 
213.07 
210.71 
208.37 
206.06 

217. e6 

P T  = 30 ATM DT = 54.619 KGM/M3 CONCLUDED 

P / P T  

1. ooou 
.9983 

9928 
.9838 
e9713 
.9557 

537.1 
-9157 
-8919  
e8660 

.EO88 

.7783 
7469 

e7150 
-6827 
-6504 
-6182 
.5863 
-555 0 
e5243 
.4945 
-4655 
e4376 
04107 
.3849 

3603 
.3368 
m3145 

2933 
2733 
2544 
2366 
2199 

,2043 
1896 

e1758 
1635 

m1511 
-1399 

1296 

.e381 

T / T T  

1 .oooo 
.9995 
09978 
-9951 
-9913 
-9866 
.9808 
-9741 
-9664 
e 9 5 8 0  
.9487 
.9387 
e9280 
09167 
,9049 

8925 
.a797 
8665 

a8530 . e392 

.e109 
-8252 

-7966 
-7821 
e 7 6 7 5  
e7529 
07383 
a7238 
-7093 
e6948 
.6805 
-6663 
a6522 
-6383 
e6246 
06111 
.5978 
-5846 
-5717 
-5591  

5466 

D / D T  A / A *  

1.0000 I- 
e9989 11 -4432 

9951 
-9890 
9803 

e9695 
09566 
-9416 
-9248 

-8860 
9062 

8646 
.a420 

8184 
-7940 

7690 
.7435 

7177 
-6917 

6656 
,6397 
-6139 
.5884 
-5634 
.5387 
e5146 
04911 
-4682 
.4460 

-4037 
e4245 

e3836 
3644 . 3458 

e3280 
3110 

-2947 
02792 

2644 
2502 
2368 

5.7493 
3.8630 
2.9297 
2.3770 
2.0149 
1.7620 
1.5774 
1.4385 
1.3320 
1.2408 
1.1835 
1.1322 
1.0920 
1.0608 
1.0373 
1.0232 
1.0087 
1.0021 
1.uoo1 
1.0020 
1 e0077 
1 e0170 
1 0296 

1.0644 
1.0865 

1 1399 
1.1712 
1.2057 
1 2434 
1.2844 
1.3288 
1. 3766 
1.4281 
1.4833 
1 a5423 
1.6054 
1 e6726 

1.0454 

1.1116 

D I D 1  A / A *  W P / P T  T / T T  -_----- R E L A T I V E  TO IDEAL GAS VALUES------- 

e9911 
.99 10 
.9907 
.9903 
.9897 
.9889 
.9880 
.9870 
.9858 
.9846 
.9833 
e9819 
.9805 
.9791 
.9776 
09762 
.9748 
.9735 

9721 
.9709 
-9697 
.9685 
-9675 

-9655 
.9647 
-96 39 
-9632 

e9665 

-9625 
e9619 
.96 14 
-9610 
-96 06 
e9602 
.9599 
09597 
.9595 . 95 93 

95 92 
-9591 

95 90 

1 .oooo 
1 0.300 

.9997 

.9994 

.9188 
e9981 
.9')74 

9967 
.9959 
-9951 
.9941 
.9934 
-9927 
-9922 
.9917 
-9914 

9313 
-9914 
-9916 
-9919 
-9924 
.9931 
.9939 
.9948 
.9758 
-9969 
m9981 
.9993 

1 J006 
1.0019 
1.0532 
1 0044 
1.0557 
1.0069 
1.0081 
1.0392 
1.0102 
1.0112 
1.0121 
1.0129 
1.0136 

1 .ooou 
1.0000 

.9998 
9996 

09993 
.9989 
09984 
.9979 
09974 
09968 
.9961 
.9955 
.9948 
-9942 
.9935 
99929 
m9923 
-9917 
e9912 
09907 
-9902 
.Fa97 
.9893 
.9889 
.9885 
-9882 
99879 

9876 
09873 
-9870 
.Fa67 
-9864 

9862 
.9859 
09856 
09853 

985 1 
e9848 
.9845 
m9842 
.9839 

1.0000 
1.0001 
1.0001 
1.0002 
1.0001 
1.0001 
1.0002 
1.0004 
1.0006 
1.0008 
1.0010 
1 e0014 
1.0018 
1.0024 
1 0030 
1 -0038 
1.0056 1.0047 

1 0067 
1.0078 
1 0090 
1.0102 
1.0115 
1.0129 
1.0142 
1.0156 
1 0 169. 
1.0182 
1.0195 
1.0208 
1.0220 
1.0231 
1.0242 
1 e0251 
1.0260 
1.0268 
1 0275 
1.0281 
1 0286 
1 0290 
1.0293 

I 
-9872 
.9875 
.9879 
-9886 
.9893 

9901 
e9910 
-9920 
a9930 

9941 
e9951 
-9961  
-9970 
-9978 
.9985 
,9990 . 9995 
.9998 

1.0000 
1.0001 
1.0000 

.9998 
-5996 
e9992 . 99 87 
09982 
.9977 
9971 

e9965 
.9958 
e9952 

9946 
9940 

.9934 

.S929 
e9925 
9921 
9917 
9914 

e9912 



TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

r T  = 250 K PT = 1 ATH DT * 1.367 KGM/M3 

I 

n m i  

0.000 
,050 
. lo0  

150 
.zoo 
e250  
e300 
e350 
a400 
0450 
.so0 
0 5 5 0  
e600 
a650 
e700 
-750 
.800 
e850 
0900 
a950 

1.000 
1.050 
1.100 
1.150 
1 .zoo 
1.250 
1.300 
1.350 
1.400 
1.450 
1 e500 
1.550 
1 600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2 . 000 

0 2  
4 

R E Y / M  

0. 
1.414E*06 
2 820E +Ob 
4.206€+06 
5 .566E t06 
6.891Et06 

9.403E to6 
1.058Et07 
1.169E t07 
1.273Et07 
1 -371E t07 
1 -46 1 E +07 
1 -543E td7 
1.618E+O7 
1.685Et07 
1 745E to7 
1 797E *07 
1.842Et07 
1 d 7 9 E  + O f  
1.910E t07 
1.934EtO7 
1.952E +07 
1.964€+07 
1.971 E +07 
1.972E+07 
1.969€+07 
1.962E+07 
1.951E e07 
1.936E +07 
1.918€+07 
1.897E t07  
1.874E+O7 
10849E+O7 
1.821€+07 
1.792Et07 
1.762E t07  
1.731 E e07 
1.698EtOT 
1.665E*07 
1.632E t07 

8.172E t06 

z 

09992 
a9992 
09992 
-9992 
e9992 
m9992 

e9992 
-9992 
e9991 
e9991 
09991 
999 1 

09991 
-9991 

-9992 

-9991 
-9991 
09990 
e9990 
9990 

09990 
9990 

09990 
9990 

09990 
-9990 

9990 
,9990 
e9990 
e9990 
09990 
e 9990 
09990 

9990 
09990 
09990 
-9990 
09990 
-9990 
09991 

-9990 

J. 

GAMMA 

1.4028 

1.4028 
1.4028 
1.4028 
1.4028 

1.4028 

1.4028 
1.4027 
1.4027 

1.4027 

1.4026 

1.4025 
1.4025 

1.4024 

1.4027 

1.4026 

1.4026 

1 a4025 

1 a4024 
1.4023 
1.4023 
1.4023 
1.4022 
1.4022 
1.4021 
1.4021 
1.4020 
1 a4020 
1.4019 
1.4019 
1.4019 
1.4018 
1.4018 
1.4017 
1.4017 
1.4017 
1 e4016 

1.4015 
1.4015 
1.4015 

1.4016 

U 
M/SEC 

322.37 
322.29 
322.04 

321.08 
321.64 

320 -36 
319.48 

317.29 

314.54 

318 -46 

315.99 

312.97 
311.28 
309.47 
307 55 
305.53 

301.21 
303 -41  

298.92 
296.56 
294.13 
291 64 
289.09 
286.50 
283.87 
281.20 
278.50 
275.78 
273.03 
270.27 
267.51 
264.73 
261 96 
259.18 
256.41 
253.65 
250.90 
248.17 
245 e45 
242.75 
240.07 

P /PT  

I. 0000 
e9982 
.9930 
.9844 
e 9725 
.9574 . F394 
e9187 

8455 
-8702 
-8429 

8140 
.7838 
e 1 5 2 7  
.7208 
.6884 
-6558 
-6233  
e5911 
.55 93 
-5281 
.4977 
e4682  
.4397 
04123 
-3860 
03609 
-3369 
-3142 

2927 
2724 
2533 

-2353 
2184 

a2026 
01878 

1741 
01612 
m1493 
e1382 

1278 

1/11 

1.0000 
.9995 . 99 80 
.9955 
09920 
-9876 
.9823 
.9760 
.9689 
a9630 
e9523 
-9428 
-9327 
921 9 

a9106 
.E987 
e8863 . 8735 
-8604 
,8469 
-8331 
-8191 
-8049 
.7905 
-7761 
a7616 
7471 

a7326 
a7181 
e7037 
e6894 
e6751 
e6611 
6472 

.6334 
06199 
-6065 
05934 
. 5 8 M  
e5677 
05553 

D/OT 

1.0000 
.9987 
9950 

.9888 
9803 

e9694 
9564 

.9413 
-9243 
9055 

e8852  
8634 

8165 

7661 
a7401 

6872 

.e405 

-7916 

-7137 

.6606 
6341 

-6078 
e5819 
-5563 
5313 

4831 
e4600 
.4377 
-4160 
-3952 
3752 

3376 
-3199 
3031 

-2871 
o2718 
-2572 
2434 
m2303 

-5069 

.3560 

A/ A* 

I 
11.5881 
5.8201 
3 e9092 
2.9627 
2 A 0 2  1 
2.0346 
1.7776 
1.5898 
1 a4484 
1.3397 
1.2548 
1.1881 
1.1355 
1.0943 
1.0624 
1.0382 
1.5207 
1.0089 
1.0021 
1.0000 
1.0020 
1 e0079 
1.0174 
1.0304 
1.0467 
1 0662 
1 a0890 
1.1148 
1 1438 
1.1760 
1.2114 
1 e2500 
1.2920 
1.3373 
1.3862 
1 e4386 
1.4948 
1.5948 
1.6188 
1.6869 

P/Pl 1/11 OIDT A / A *  U ------- RXLATIVE TO IDEAL GAS VALUES--- 

1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0001 
1.0001 
1.0001 
1.0001 
1.0000 
1.0000 
1.0000 

09999 
.9999 
.9999 
.9998 
.9998 
.9998 
.9997 
.9997 
.9997 
9996 

09996 
-9996 

9996 
09995 
.9995 
09995 
.9995 . 99 94 
.9994 
09994 
09994 
.9994 
09994 . 9994 
09994 
.9993 
-9993 . 9993 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 . 9999 

.9999 . 9999 

.9999 

.9998 

.9998 
,9998 
09998 
.9998 
09997 
9997 

09997 
999 J 

09997 
9997 

.9997 

.9997 
09998 
.9998 
.9998 
09998 
.9999 
09999 
.9999 

1.0000 

1.0000 
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1. 0002 
1.0002 
1 0003 

1. oooo 

1 .oooo 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 
09999 
.9999 
e 9999 
09999 . 9998 
.9998 
.9998 
09998 
.9998 . 9997 
09997 . 9997 
.9997 
09997 
,9997 
-99% 
-9996 
-9996 
-9996 

9996 
.99% 
-9996 
09996 
-9996 
09995 
09995 
.9995 
09995 
.99% 
099% 
.9995 . 99% 
.9995 

1.0000 
1.0000 
1.0000 
1.0000 
l.0000 1.0000 

1.0000 1.0000 

1.0001 1.0001 

1 1.0002 .om2 

1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0001 
1.0001 

1.0001 
1 .om2 

1.0003 
1 -0003 
1.0003 
1 00004 
1 0004 
1.0004 
1 0005 
1.0005 
1 -0006 
1-0006 
1 -0006 
1. 0007 
1.0007 
1.0008 
1.0008 
1.0008 
1.0009 
1 0009 
1.0009 
I a0009 

i 
.9997 
.9997 
.9997 

9997 
.9997 . 9998 
.9998 . 9998 
.9998 . 9999 
.9999 
.9999 
.9999 
.9999 

1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 1.0000 

1.0000 . 9999 
.9999 
09999 
09999 
.9999 
.9998 . 9998 
.9998 . 9998 
9998 

.9997 . 9997 

.9997 
.9997 
09996 

I 



TABLE I .  REAL-GAS ISEhlTROPIC EXPAkSIONS OF NITROGEN 

MACH 

0.000 
-050 
.LOO 
-150  
.200 
e250 
a300 
0350 
a400 
a450 

500 
- 5 5 0  
.600 
e650 
-700 
e750 
.e00 
- 8 5 0  
-900 
.950 

1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 
1 a500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1 a850 
1.900 
1 e950 
2.000 

R E Y / M  

0. 
4.23 5E + 06 
8.442E +56 
1.259EtO7 
1.667Et07 
20063E t 0 7  

2.815EtO7 
3.167Et07 
3 500E+07 
3.813€+07 

2.447Et07 

4.105E +07 
4.375Et07 
4 e 6  2 2E +O 7 
4 847E +07 
5.048Et07 
5.227E+O7 
5.383E t 0 7  
5 517 E t07  
5.630Et07 
5 723 E +07 
5.796€+07 
5.850€+07 
5.887E t 0 7  

5 e913E +07 
5 -905E +O7 
50884Et07 
5 85 lE  t 0 7  
5.807E t o 7  
5.754€+07 
5.692Et07 
5 623 E t 07 

5.466E +07 

5.290Et07 
5r196E+07 
5.100Et07 
5 O O l E  t 0 7  
4.900E t 0 7  

5.908~ +or 

5.548E t o 7  

5.380Et01 

2 

a9976 
-9976 
a9916 
-9976 
e9976 
-9976 
,9975 
.9975 
.9975 
.9974 
.9974 
.9974 
,9973 
.9973 
-9972 
-9972 
a9972 

-9971 

-9970 
9970 

.9970 

-9971  

-9971  

-9970 
-9970 

-9970 
~ 9 9 7 0  

-9969 
-9969 
-9969 

e9970 
-9970 

-9970 
e9970 
-9970 
-9971 
09971 

997 1 
e9971 

-9910 

-9910 

J. 11' = 

GAMMA 

1.4082 
1.4082 
1.4082 
1.4082 
1.4081 
1 e408 1 
1.4081 
1.4080 
1.4079 
1.4079 
1.4078 
1.4077 
1 a4076 
1.4075 
1.4074 
1.4073 
1.407 2 
1.4071 
1.4069 
1.4068 
1.4067 
1 a4066 
1.4064 
1.4063 
1.4062 
1 a4061 
1.4059 
1.4058 
1.4057 
1.4055 
1.4054 
1.4053 
1.4052 
1 m4050 
1.4049 
1.4048 
1 e4047 
1.4046 
1.4045 
1 4044 
1.4043 

250 K 

w 
MlSEC 

322.48 
322.40 
322.15 

321.17 
320.44 
319.55 

317.33 

314.55 

321 e74 

318.52 

316.01 

312.96 
311.24 

307 e47 
309.41 

305.43 
303 29 

298.76 

293.94 

301. a7 

296.38 

291.43 

286.27 
283.62 
280.94 
278.23 
275.50 

269.98 
267.21 
264.43 
261.65 

288.87 

272.75 

258.87 
256.10 
253.34 
250.59 
247.85 

242.43 
245 13 

239.75 

P T  = 3 ATM OT = 4.107 KGM/M3 CONT INUEO 

P/PT 

1.OOOJ 
.9983 
-9930  
.9844 
.5125 
.9575 
.9395 

.a953 
8699 

.E426 
-8137 
-7836 

-7204 

.9 ia5 

-1524  

-6881  
e6555 
-623 0 

5908 
-5590 
5279 

.4975 
e4680 
-4396 
e4122 
.3859 
- 3 6 0 8  
-3369 
-3142 
2927 

02533 
a2353 
-2184 
e2027 
.1879 
e1741 
-1613 

149 3 
e1382 

1279 

-2724 

1/11 

1.0030 
.9995 
-9980 
.9955 
.9920 
-9876 
-9822 
.9759 
-9688 

-9521 
09426 
-9325 
m9217 
a9103 
.E984 
a8060 
-8732 
-8600 

08327 

8044 
-7901 

-7611 
-7466 
e7321 
-7176 
m7032 
e6889 
e6747 

06467 
- 6 3 3 0  
-6194 
-6061 

- 5 8 0 0  
a5673 
05548 

.96a8 

-8464 

-8186 

.7756 

,6606 

-5929 

D/OT 

1.0000 
.9988 
-9950 
.9889 
.9804 

9696 
-9566 
e9413 
e9243 

9056 
-8852 
-8635 
.e406 
8166 

-7918 
7662 
7402 

-6874 

6344 

5822 
-5567 
-5317 
e5073 
.4835 
4604 

-4381 
a4165 
.3957 
.3757 
e3564 
3380 
3 204 

-3035 
2875 

2576 
2438 
2307 

-7139 

.6608 

-6081 

-2722 

A/  A* 

I 
11.5815 
5.8168 
3.9069 
2 a9609 
2.4006 
2.0333 
1.7769 
1.5893 
1.4480 
1.3393 
1.2546 
1.1879 
1.1354 
1.0942 
1.0623 
1.0382 
1.0206 
1.0089 
1.0022 
1.0000 
1.0020 
1.0079 
1.0174 
1.0304 
1.0467 
1 e0662 
1.0888 
1.1147 
1 m1436 
1.1757 
1.2111 
1.2496 
1.2915 
1.3368 
1.3856 
1.4379 
1.4940 
1.5539 
1.6178 
1.6859 

D/DT A / A *  Y P/PT T/TT  ------_ RELATIVE TO IDEAL GAS VALUES------- 

1.0006 
1.0006 
1.0005 
1.0005 
1.0005 
1 0004 
1.0004 
1 0003 
1.0002 
1.0001 
1.0000 

.9999 

.9998 

.9997 
-9996 
.9995 
.9994 
.9993 
9 992 

e9991 
e9990 
.9989 
.99 89 
.9988 
.9987 
e9986 
-99 86 

9985 
.99 84 
.9984 
.9983 
.9983 
,9982 
-9982 
-9982 
-9981 
9981 

e9981 
9981 

e9980 
.9980 

1.0000 
1.0000 
1.0000 
1 0000 
1.0500 
1.0000 
1.0000 . F997 

.9997 
. a9996 

.5995 

.9995 

.9994 

.9994 

.9993 

.s993 
e9992 
-9992 
-9992 
eS992 
.9993 
.9993 
.9993 
.9994 . 99 94 
.9995 
-9996 
.9997 
.9997 
.9998 
.9999 

1.0000 

1.0002 
1 0003 
1.0004 
1 0005 
1 0006 

l.09J8 
1.0008 

i.oaoi 

1. a007 

1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9999 

.9998 

.9998 

.9997 

.9997 
09996 
-9996 
.9995 
.9995 
.9994 
.9994 
.99 93 
.9993 
-9992 
,9992 
9991 

a9991 
a9991 
e9990 
-9990 
e9990 
.9989 
.9989 
.WE9 
.99 89 
.9989 
.99 88 
09988 

.9988 

.9988 

.9987 

.9987 

.9987 
e9907 

.998a 

1.0000 
1 .oooo 
1.0000 
1.0001 
1.0001 
1.0002 
1.0002 
1 .oooo 
1.0000 
1 .oooo 
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0003 

1.0005 

1.0006 
1.0007 
1.0008 
1.0009 
1.0011 
1.0012 
1.0013 
1.0014 
1.0015 
1.0016 
1.0017 
1.0018 
1.0019 

1.0004 

1.0006 

1.0021 1.0020 

1.0022 
1.0023 
1.0024 
1 moo25 
1.0026 
1.0026 

1 
m9991 
9991 
9991 
9991 

-9991 
m99 91 
.9994 
.9995 
.9995 
-9996 
.99 97 
.9997 
,9998 
.9998 

9999 
.9999 

1.0000 
1.0000 
I. 0030 
1.0000 1.0000 

1.0000 
1.0000 

.9999 
99 99 

.9999 

.9998 

.9998 
.9997 
.9996 

9996 
.9995 
.9995 
.9994 
.9993 
.9993 

9992 
e9992 
-9991  
a9991 



TABLE I .  REAL-GAS ISEIITROPIC EXPANSIONS OF NITROGEN 

MACH 

0 .a00 
e050 
.loo 
e150 
.200 
e250 
300 

-350 

-450 

.550 

-400 

- 5 0 0  

e600 
-650 
-700 
750 
,800 
-850 
-900 
e950 

1 .ooo 
1.050 
1 . loo 
1.150 
1.200 
1.250 
1 e300 
1.350 
1.400 
1 e450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1 .EO0 
1.850 
1.900 
1.950 
2.000 

R E Y / M  

0. 
7.044Et06 
1.404Et07 
2.095Et07 
2.773Et07 
3 -432 E t 07  

4.683Et07 

5.822Et07 

4 . 0 7 0 ~ t c 7  

5.268Et.07 

6.343E t 0 7  
6.823E t 0 7  
7.279Et07 

8 Ot4E ti) 7 
8.400E t 0 7  

7.690Et07 

8.690Et07 
8.959E +07 
9.183E t 0 7  

9.527E t 0 7  

9.741Et07 
9.804E +O 7 

9.850Et07 

9.803E407 

9.3726 407 

9.6496 t07  

9.840Et07 

9.837E+07 

9 749 E t07  
9.678Et07 
9.5906 to7 
9 .489E t 0 7  
9.375E t 0 7  

9.115E t 0 7  
8 -97 2E t 0 7  
8.8236 t07  
8.667EtO7 

8.343 E t 0 7  
8 176E to7 

9.250Et07 

8.507E t 07 

L 

-9961 
m9961 
-9961 
e9960 
a9960 
-9960 
.9959 
.9959 
.9958 
.9958 
.9957 
-9956 
-9956 
.9955 
.9954 
.9954 
.9953 
e9952 
-9952 
e9951 
e9951 
.9950 
-9950 

9950 
,9949 
.9949 
.9949 
.9949 
.9949 
.9949 
09949 
.9949 
09949 
a9950 
-9950 
-9950 
e9951 
-9951 
-9951 
09952 
-9952 

J. T T  = 

G A M A  

1.4137 
1.4336 

1.4136 
1.4135 
1.4135 
1.4134 

1.4132 
1.4131 
1.4129 

1.4126 
1.4125 
1.4123 
1.4121 

1.4118 
1.4116 
1.4114 

1.4136 

1.4133 

1.4128 

1.4119 

1.4111 
1.4109 
1.4107 

1.4103 
1.4101 
1.4099 
1.4096 

1.4092 
1.4090 
1.4088 

1.4084 
1.4082 
1.4080 

1.4105 

1 e4094 

1.4086 

1.4078 
1.4076 
1.4074 

1.4071 
1.4073 

250 K 

W 
M / S E C  

322.61 

322.28 

321.28 

319.64 
318.58 

316.04 
314.56 
312.95 
511.21 
309.36 
307.40 
305 -34 
303.18 
300.93 
298.61 
296.21 
293.75 
291.23 
288.65 
286.03 
283 -38 

322.53 

321.86 

320.54 

317 e38 

280.68 
277 -96 
275.22 
272.46 
269.69 
266.91 
264 13 
261.34 
258.56 

253.02 
250.27 
247 54 
244.82 
242.12 

255.79 

239.44 

PT = 5 ATM 

P/PT 

1.0001) 
.9983 
-9930 
.9844 
,9725 

S572 
e9392 
.9184 
-8951 
,8697 
84 24 

e8135 
.7833 
.7521 

7201 
-6878 
-6552 
-6227 
-5905 
.5588 
-5277 
.497 3 
.4679 
.4394 
-4120 
.3858 
-3607 
-3368 
e3141 
2927 
2724 

2353 
-2185 
2027 

. leeo 

.1742 
e1614 
-1494 

1383 
.1280 

.2533 

T / T T  

1 . JOOO 
.?995 
-9980 
.9955 
e9920 
.9875 
,9821 
.975 8 
-9687 
-9607 
e9519 
-9424 
m9322 
-9214 
e9100 
-8980 
-8856 

.e596 
-8728 

0460 
-8322 
.a182 
-8040 
e7896 
-7752 
-7607 
e7462 
-7316 
-7172 
-7027 
-6884 
-6742 
.6602 
-6462 
-6325 
e6190 
6056 

e5925 
a5796 

5669 
.5544 

01 = 6.855 KGM/M3 CONTINUED 

D/OT 

1.0000 
.9988 
-9951 
.9889 
.9805 
9694 

-9564 
.9413 
-9243 
.9056 
.E853 
,8636 
.a406 
.E167 
-7919 
-7664 
.7404 
.7141 
.6 876 
.6611 
.6346 
.6084 
.5825 

.5321 

-4840 
.4609 
.4385 
,4170 
3961 

-3761 
3569 

.3385 
e3208 
.3040 
.2879 
-2726 
-2581 

5571 

e5077 

2442 
e2311 

A / A *  

I 
11.5748 

5.8134 
3.9047 
2.9592 
2.4000 
2 -0329 
1.7763 
1.5888 
1.4476 
1.3390 
1.2543 
1.1877 
1.1353 
1.0941 

1.0382 
1.0623 

1.0207 
1.0089 
1.0022 
1 .oooo 
1.0021 
1.0079 
1.0174 
1.0303 
1.0466 
1.0661 
1.0887 
1.1145 
1.1434 
1.1755 
1 e2107 
1.2492 

1.3363 
1.3850 
1.4372 
1.4932 

1.2910 

1.5531 
1.6169 
1.6849 

W P/PT T/TT O/DT A / A *  ------- RELATIVE TO IOEAL GAS VALUES----- 

1.0010 
1.0010 
1.O009 
1.0009 
I. 0008 
1.0007 
1.0006 
1.0005 
1 0004 
1.0002 
1.0001 

.9999 

.9997 

.9996 
09994 
-9992 
-9991 
.9989 
.9987 
.9986 
.99 84 
-9982 
e9981 
-9980 
.9978 
,9977 
9976 

,9975 
.9974 
.9973 
9972 

-9971 
09971 
e9970 
09969 
,9969 
-9968 

-996 8 
9968 

,9967 
-9967 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
.9998 
.F997 
09996 
.9995 
,9993 
9992 

e9991 
e9990 
.9989 
.9989 
.SF88 
09987 
.9987 
.S987 
.9987 
.9988 
.9388 
99989 
-9990 
-5991 
09992 
.s993 
.9994 
-9996 
.999t 
.9999 

1.0001 
1.0002 
1.0004 
1 0005 
1.0007 
1.9009 
1.0010 
1.0311 
1.0013 
1.0014 

1.0000 
1.0000 
1.0000 

.9999 
09999 
09999 
.9998 
99997 
.9997 
,9996 
.9995 
.9994 
.9993 
-9992 
,9991 
9991 

09990 
.9989 
.9988 
.9987 
.99 87 
09986 
.9985 
09985 
.9984 
09984 
.9983 . 9983 
9983 

.9982 

.9982 
09982 
-9981 
-9981 
-9981 
-9981 
09980 
e9980 
,9980 

9980 
09979 

1.0000 
1 .ow0 
1.0001 
1 .om1 
1 . 0002 
1.0000 1.0000 

1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.0002 
1.0003 
1.0003 
1 0004 
1.0005 
I .  0007 
1.0008 
1 a0009 
1.0011 
1.0012 
1.0014 
1.0016 
1.0018 
1.0019 
1.0021 
1 0023 
1.0025 
1.0027 
1.0029 
1.0031 
1 e0032 
1 0034 
1.0036 
1 0037 
1.0039 
1 0040 
1.0041 
1.0042 
1.0043 

I 
09986 . 9985 
.9985 
.9985 
.9988 
.9989 

9990 
m9991 

9992 
.9993 
.9994 

9996 
.999 7 
.9998 
.9998 . 9999 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 . 9999 

.9998 . 9997 
,9996 
.9995 
.9994 
.9993 

9992 
9991 
9990 

09989 . 9988 
.9987 
9986 

e9986 
.9985 



ro 
0 

MACH 

0.000 
a050 
. l oo  
a150 
.200 

250 
.300 
-350  
-400 
-450  
a500 
0550 
e600 
-650 

700 

.a00 
850 

m.900 
e950 

1.000 
1 e050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1 e400 
1.450 
1 e 5 0 0  
1.550 

. n o  

1.600 
1.650 
1 700 
1.750 
1.800 
1 -850 
1.900 
1.e950 
2.000 

R E Y l M  

0. 
1 124E t 0 7  
20241Et07 
3.343E t07  
4 0423 E +07 
5.476Et07 

7.473Et07 
8.407Et07 
9 -2926 t07 
1.012Et08 
1.090Et08 
1.162E t o 8  
1.2 28E to8 
1 287E to8  
1.341Et08 
1.389Et08 
1 ak31E to8 
10467Et08 
1.497Et08 
1.522E to8 
1 542E t o 8  
1 ~ 5 5 7 E t 0 8  
1 567E t o 8  

1.575Et08 
1-  573E t o 8  
1.568Et08 
1.5596t08 

1.534Et08 
1.519Et08 
1.501Et08 

1.460Et08 
1.437EtCJB 
1.41 3E to8  

1 363E t o 8  
1.337Et08 
1.310Et08 

6.495EtO7 

1.573Et08 

1 . 5 4 a ~ t o 8  

1.481Et08 

1 . 3 8 a ~ t 0 8  

7. 

.9938 

.9938 
09938 
.9937 
09937 
09936 
.9935 
.9935 
.9934 
.9933 
e9932 
09930 
.9929 
09928 
e9927 
e9926 
e9925 
e9924 
-9923 
.9922 
09921 
a9921 
-9920 
-9919 
-9919 
e9919 
e9918 
-9918 
a9918 
09918 
,9918 
09918 
e9919 
09919 
e9919 
-9920 
-9920 
e9921 
a9922 
a9922 
09923 

TABLE I .  REAL-GAS ISENTROP 

J. TT = 

GAMMA 

1.4219 
1.4219 
1.4218 
1.4218 
1.4217 
1.4216 
1.4215 
1.4213 
1.4212 
1-4210 

1.4205 
1.4203 
1.4200 
1.4198 
1.4195 
1.4192 
1.4189 
1.4186 
1.4182 
1.4179 
1.4176 
1.4172 
1.4169 

1.4162 
1.4158 
1.4155 
1.4152 
1.4148 
1-4145 
1.4141 
1.4138 
1.4135 
1.4132 
1.4129 
1.4126 
1.4123 
1-4120 

1.4114 

1.4208 

1.4165 

1.4117 

250 K 

W 
M l S E C  

322 83 
322.74 
322.48 
322 06 
321.46 
320.70 
319.78 
318.70 
317.47 
316.10 
314.59 
312.95 

309.29 
307 -30 

303 02 

298.39 
295.96 
293.47 
290.92 
288.33 
285.69 
283.01 
280.30 

311.18 

305.21 

300.74 

277.57 
274.81 
272.04 
269.26 
266.47 
263.68 
260.89 
258. 10 
255 -32 
252.56 
249.80 
247.07 
244 35 
241.65 
238.97 

P T  = 8 ATM 

P l P T  

1 .oooo 
.9983 

9931 
.9844 
09723 
a9571 
e9390 
e9181 . e948 

8694 
8420 

.6131 
-7828 
e7516 
.7196 

,6548 
-6223 
e5901 
,5584 
e5273 
e4970 
4676 

e4391 
04118 
e3856 
-3606 

. 6 8 n  

.3367 
-3141 

2927 
-2724 
e2533 
-2354 

2186 
.2028 
. l e 8 1  

174 3 
1615 

-149 5 
1384 . 1281 

f l T 1  

1 .oooo 
.9995 
-9980 
.9954 
09919 
.9874 
09820 
.9757 
-9685 
-9604 
-95 16 
e9421 
-9318 
09220 
-9095 . 8975 
e8851 
8722 

-8590 
.a454 
e8316 
.E175 
8033 

e7890 . 7745 
e7600 
07455 
e7310 
e7165 
e7021 
-6878 
-6736 
e6595 
6456 

-6319 
06183 
m6050 
,5918 
.5789 
-5663 
.5538 

C EXPAlriSIONS OF NITROGEN 

DT * 10.993 KGM/M3 CONT I hUEO 

D l O T  

1.0000 
.9988 
-9951 
.9890 

9803 
a9694 

9564 
e9413 
.9244 

9057 
.8 854 
e 8637 
e8408 

8169 
e7921 
7666 

-7407 
.7144 

6880 
-6615 
a6351 
e6089 
5831 

.5577 
5327 

.5084 
- 4  846 
-4616 
.4393 
e4177 
-3969 
03769 
-3576 
3392 

-3216 
03047 
e 2886 
-2733 
-2587 

2449 
e2317 

h/A* 

I 
11.5649 

5.8084 
3.9012 
2.9573 
2.3980 
2.5314 
1 e7750 
1.5878 
1.4468 
1 e3384 
1.2538 
1.1873 
1.1350 

1.0621 
1.0380 
1.0206 
1.0088 
1.0021 
1 .oooo 
1.0020 
1.0079 
1.0173 
1.0302 
1.0465 
1.065 9 
1.0885 
1.1142 
1 1431 
1.1751 
1.2102 
1 e2486 
1.2904 

1.3840 
1 e4362 

1.5518 

1.6833 

1.0939 

1.3355 

1.4921 

1.6155 

w P l P T  T / T T  D/DT h / A *  ------- R E L A T I V E  TO I D E A L  GAS VALUES------- 

1.0016 
1.0016 
1.0016 
1.0015 
1.0014 
1.0012 
1.0011 
1.0009 
1.0007 
1.0004 
1.0002 

.9999 

.9997 

.9994 
-9991 
.9988 
.9985 
.9983 

99 80 
.9977 
.9975 
-9972 
-9970 
-9968 

-9963 
-9965 

09962 
s9960 
.9958 
.9957 
.9955 
.9954 
.9953 
-9952 
-995  1 
09950 
-9950 
.9949 
.9948 
.9948 
.9948 

1.0000 
l.OJO0 
1.0000 
1.G000 

09998 
.9996 . 9995 
.939 3 
09991 
e9990 
.5988 

9986 
.9985 
.9983 
e9982 
09981 
-9981 
09980 

9960 
5981 

a9981 
-9982 
.9983 
.9985 
09986 
.9987 
.$989 
.9991 
,9994 
9996 

.5999 
1.0001 
1.0004 
1 0006 
1.0009 
1.0011 
1.0014 
1.5016 
1 0019 
1.0021 
1.0023 

1 .oooo 
1.0000 
1.0000 

.9999 

.9999 

.9998 
09997 

9996 
09995 
.9993 
e9992 
-9991 
.99 89 
.9988 
.9987 
09985 
.9984 
04983 
.9981 
-9980 
,9979 
,9978 
.9977 
-9976 
09976 
.9975 
09974 
.9974 . 9973 
-9972 

9972 
-9971 
-9971 
09971 
-9970 
.9wo 

99 70 
9969 

e9969 

-9966 
.9968 

1.0000 
1.0000 
1.0001 1.0002 

~ . 0 0 0 0  
1.0000 
1.0000 
1.0001 
1. 0001 
1.0002 
1.0002 
1 0003 
1.0004 
1.0005 
1.0006 
1.0008 
1.0010 
1.0012 
1 1.0016 0014 

1 1.0021 e0019 

1 e0024 
1 0027 
1.0030 1.0031 

1.0034 
1 e0038 
1.0041 
1 e0044 
1.0046 
1.0049 
1.0052 
1.0055 
1 0057 
1.0060 
1 0062 
1.0064 
1.0066 
1.0068 
1 e0070 

i 
.9977 
.9977 
-9976 
.9979 
m99 80 
m9982 
.99 84 . 99 85 
.9987 . $989 
e9991 
.9993 
.9994 
9996 . 9997 

.9998 . 9999 
1.0000 
1.0000 
1 .oooo 
1.0000 

.9999 

.9999 

.9998 
.9998 
.9997 
-9996 
.99 94 
.9993 
-9991 
e9990 
.9988 
e9986 
.99 85 
.9983 
e9982 
.9980 
.9979 . $977 
,9976 



TABLE I .  REAL-GAS I S E k T R O P I C  EXPAhSIONS OF NITROGEN 

MACH 

0.000 
.os0 
. loo 
.150 
.zoo 
-250 
-300 
-350 
.400 
-450 

-550 

,650 
-700 
.750 
.a00 
. a50  
-900 
-950 

1 .ooo 
1.050 
1.100 
1.150 
1.200 
1.250 
1 300 
1.350 
1 e400 
1 e450 
1.500 
1.550 
1.600 
1.650 
1.700 
1 750 
1 .BOO 
1.850 
1.900 
1.950 
2 .000 

- 5 0 0  

0600 

R E Y / M  

0. 
le402EtO7 
2.796€+07 
4.171Et07 
5 520E +07 
6.834Et07 
8.105E tO7 
9.326E t 0 7  
1.049Et08 
1 160E t o 8  
l e263Et08  

1.450Et08 

1.6076t08 

1.360Et08 

1.532Et08 

1.674Et08 
1.734Et38 

1.831E to8  
1.786€+08 

1.869Et08 
1.901E+G8 
1.92% +08 

1.957Et08 
1.965Et08 

1.944Et08 

1.968E to8  

1.959€+08 

1.935Et08 

1.899Et08 

1 966E t o 8  

1.949E t 0 8  

1.918Et08 

1 876E +38 
1.852Et08 

1.797€+08 

1.737Et08 
1.705Et08 
1.673E t o 8  
1.640Et08 

1.826€+08 

1.768Et08 

2 

-9923 

.99 23 

-992 1 

-9920 
.9919 
-9918 
-9916 
-9915 
-9913 

-9911 

-9908 
.9906 
-9905 
.9904 

-9902 
m9901 
.9900 
09899 
.9899 
.9898 
.9898 
.9898 
.9897 
.9897 
99898 
.9898 
.9898 
.9898 
.9899 
-9900 
.9900 

-9902 

e9923 

09922 

-9921 

-9912 

-9909 

-9903 

-9901 

99903 
e9903 

J. TT = 

GAMMA 

1.4274 

1.4274 
1 e4274 

1 a427 3 
1.4272 
1.4271 
1.4269 
1.4267 

1.4263 
1.4260 

1 A 2 6 5  

1.4257 
1.4254 

1.4248 
1.4244 

1.4251 

1.4241 
1.4237 
1.4233 
1.4229 
1.4225 

1.4216 

1.4208 

1.4220 

1.4212 

1.4203 
1 e4199 
1.4195 
1 e4190 
1.4186 
1.4182 

1.4174 
1.4170 
1.4166 
1 a4162 

1.4154 
1.4151 
1.4147 
1.4144 

1.4178 

1.4158 

250 K 

Y 
M/SEC 

322.99 
322 -90 
322.64 
322.20 

320.83 
319.89 
318.83 
317.55 

321 -60  

316.16 
314.62 
312.S6 
311.17 
309.26 
307.25 
305 13 
302.92 
300 62 
298.24 
295.80 
293 29 
290.73 
288.11 
285.46 
282.77 

277.30 
274.53 

268.96 
266.17 
263.37 
260.58 
257.79 

252.24 
249.49 
246.76 
244.04 

238.66 

280.05 

271.75 

255.01 

241.34 

P T  = 10 ATW 

P I  PT 

1.ooor) 
.998 3 
993 1 

-9842 
-9722 
.9570 
.9389 
e9183 
,8947 
-8691 
-8418 
.E128 
-7825 
-7513 
e7193 

6544 
-6220 
. 5 8 9 8  
e5581 
5270 

-4968 
-4674 
.4390 
-4117 
.3855 
-3605 
-3367 

,6870 

e3140 
2926 
2724 

e2533 
2354 

e2186 
2029 

.1881 
-1744 
a1616 

1496 
1385 

.1282 

1/11 

1 .OOOJ 
.9995 
-9980 
.9954 
e9919 
09874 
e9819 
9756 

.9683 
.9603 
.9514 
-9419 

,9207 
.9092 
-8972 
.E847 
-8719 
.85 86 
-8450 
-8312 

81 71 
.EO29 
.7885 
.7741 
.7595 
-7450 
.7305 
-7160 
.7016 

-6731 
-6590 
.6451 

-931t  

e6873 

06314 
.6179 
.6046 
-5914 
.5785 
05659 
.5534 

01 = 13.762 KGM/M3 CON1 INUED 

O/DT 

1.0300 
,9988 
.9951 
.9888 
.9803 
.9695 
.9564 

-9244 
.9057 
.8854 
.a638 
-8409 
.8 170 

-7668 
.7409 
-7147 
.6883 
.6618 
-6354 
e6093 
.sa35 

5581 
-5331 
. S O 8 8  
-4851 
-4621 
.4397 
.4182 
.3974 
.3774 
-3581 
.3397 
3221 
-3052 

9414 

7922 

.2891 

.2592 

.2322 

-2738 

2453 

A/A* 

I 
11.5583 
5.8051 
3.8996 
2.9558 
2.3968 
2.0305 
1.7743 
1.5872 
1 m4463 
1.3380 
1.2535 

1.1348 
1.0938 
1.0620 
1.0380 
1.0205 
1.5088 
1.0021 
1 .oooo 
1.0020 
1.0079 
1.0173 

1.1871 

1.0302 
1.0464 
1 e0658 
1.0883 
1.1140 
1.1428 
1.1747 
1.2098 
1.2481 
1.2898 
1.3348 
1.3833 
1.4355 
1.4913 
1 e5509 
1.6145 
1.6822 

hi P/PT 1/11 O/OT A/A* ------- R E L A T I V E  TO IDEAL GAS VALUES------- 

1.0021 
1.0021 
1.0021 
1.0019 
1.0018 
1.0016 
1.0014 
1.0012 
1.0009 
1.0006 
1.0003 
1.0000 

-99  96 
.9993 
.99 89 
.9986 
-9982 
.9979 
.9975 

9972 
99 69 . S965 

e9962 
-9960 
,9957 
.9955 
-9952 
e9950 
.9948 
-9946 
.9944 
.9943 
e9942 
.9940 
09939 
.9938 
09937 

9936 
-9936 
9935 

.9934 

1.0500 
1.0000 
1.0000 

.9998 

.9997 

.9995 
,9993 
-9991 
.9989 
.9987 
.9985 
.9983 
-9983 
.9979 
.9978 
.9977 
.9976 
.9975 . 9975 
-9976 
.9976 
,9978 
.9979 
-9981 
.9983 
.9985 
. 5988  
9991 

.9994 

.9997 
1.0000 
1.0J03 
1 a0007 
1.0010 
1.0013 
1.0016 
1.0018 
1.0021 
1.0024 
1.0026 
1.0029 

1.0000 
1 .oooo 
1.0000 

.9999 

.9998 

.9997 

.9996 
09995 
.9993 
09992 
9990 

.9988 
,9987 
.9985 
.9983 
.9982 
.9980 
.9978 
.9977 
-9976 
09974 
,9973 
9972 

09971 
-9970 
09969 

09967 
a9967 

.9968 

.9966 

.9965 

.9965 

.9964 . 9954 
09963 
9963 

09963 
a9962 

e9961 
09961 

-9962 

1.0000 
1.0000 
1.0001 
1 .oooo 
1.0000 
1.ooou 
1.0001 
1.0001 
1.0001 
1.0002 
1 e0003 
1.0004 
1.0005 
1.0007 
1.0008 
1.0010 
1.0013 
1.0015 
1.0018 
1.0021 
1.0024 
1.0027 
1.0030 
1 a0034 
1.0038 
1.0042 
1 0045 

1 e0053 
1.0057 
1 e0061 
1. 0064 
1 -0068 
1 0071 
1.0074 
1 0077 
1.0078 
1.0081 
1 0084 
1.0086 
1.0088 

1.0049 

i 
e9971 

9971 
.9973 
.9974 
.9975 
.9977 
09979 
a9982 
.9984 
-9986 . 9988 
e9991 
.9993 
.9995 
-9996 . 9998 
.9999 . 9999 

1 .oooo 
1.00013 
1 0000 

.9999 
.9999 
.9998 
.9996 
.9995 
09993 
e9991 
.9989 
e9987 
.9985 
.9983 
9981 

.9979 

.9977 . 9977 

.9975 . 9973 

.9972 . 9970 

I 



TABLE I. REAL-GAS ISENTROPIC EXPANSlONS OF NITROGEN 

UACH 

0.000 
050 

. loo  
0 1 5 0  
.200 
-250 
300 

0350 
400 

-450 
-500 
- 5 5 0  
0600 
a650 
-700 
e750 
.800 
- 8 5 0  
0900 
-950 

1 .ooo 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1 400 
1.450 
1.500 
1.550 
1.600 
1.650 
1 700 
1.750 
1.800 
1.850 
1.900 
1 m950 
2.000 

R E Y / U  

0. 
2.096Et07 
4.178Et07 
6 0233E +07 
8 -248E to7 
1.02 1 E t o 8  
1.211Et08 
1.393Et08 
1 568EtO8 
1.733E +08 
1.888E+08 
2.033Et08 
20167Et08 
2.290E +a8 
2 &02E to8 
2.502Et08 

2.670Et08 
2.738E to8 
2.796Et08 
2.843 E to8  

2.592E to8 

2.881E to8 
2.910E to8 
2.930E to8 
21 942E to8  
2 947 E t 0  8 
2.945Et08 
2.936Et08 
2.922Et08 

2.878Et08 
2.849E+08 
2.816E+08 

2.741 E to8 
2.700€+08 
2.656Et08 
2.61 1E +08 
2 564E +OB 
2.516€+08 
20467Et08 

2.902Et08 

2.780Et08 

2 

.9887 
09887 
-9886 
09885 
.9884 
09983 
e9882 
.9880 
.9878 
.9876 
.9874 
-9872 
09869 
.9867 
09865 
-9863 
09860 
.9858 
.9856 
.9854 
.9853 
.9851 
-9850 
09849 
.9848 . 9847 
9846 

09846 
.9845 
.9845 
.9845 
09846 
-9846 
09847 
.9847 
.9848 
.9849 
-9850 
09851 
-9852 
09854 

J. T T  =x 

G A M A  

1.4414 
1.4414 
1.4413 
1.4412 
1.4410 
1.4409 
1.4406 
1 4404 
1.4400 
1.4397 
1.4393 
1.4389 
1.4385 
1.4380 
1.4375 

1.4364 
1.4359 
1.4353 
1.4347 
1.4341 
1.4334 
1.4328 
1.4322 
1.4315 
1.4309 
1.4302 
1.4296 
1.4290 
1.4283 
1.4277 
1.4271 
1.4265 
1.4258 
1.4253 
1.4247 
1.4241 
1.4235 
1 m4230 
1.4225 
1.4219 

1.4370 

250 K 

W 
M/SEC 

323.45 
323.36 

322.63 
322.00 
321.20 

323.09 

320.22 

317.79 
316.34 
314.76 
313.03 

309.22 
307.14 
304.97 
302.70 
300.35 

295.42 
292.87 
290.26 

319.08 

311.19 

297.92 

287.60 
284 9 1  
282.18 
279.43 

273.86 

268.25 
265.44 
262.63 
259.82 
257.02 
254 24 
251.46 
248.70 
245.96 
243 24 
240.55 
237.87 

276.65 

271.06 

P T  = 15 A l H  DT = 20.719 KGM/U3 CON1 I hUEO 

P/PT 

1.0000 
.9983 
- 9 9 3 1  
984 1 

a9720 
09568 
.9385 

9176 
-8942 

e686 
-8411 
.E121 
e7816 
e7503 
e7183 

-6535 
-6210 
05889 
.5573 
5263 
496 1 

-466 7 
.4384 
-4112 
0 3 8 5 1  
e3602 

3364 
-3139 
02925 

2724 
2533 

e2355 
2187 

m2030 
1883 
1745 
1617 

,1498 
01387 . 1284 

-6860 

1/11 

1 .oooo 
.9995 
09979 
09954 
-9918 
-9872 
,9817 
09753 
-9680 
.9599 
-9510 
.9413 
e9310 
-9200 
-9085 
.E964 
0 8 8 3 9  
e8710 
0 8576 
-8440 
.E302 
,8161 
.BO18 
.7814 
-7730 
07584 
.7439 
7294 

07149 
07005 
06862 
06720 
e6580 
06441 
06304 
e6168 
e6035 
-5904 . 5775 
05648 
05524 

D/DT 

1.0000 
,9988 
-9952 
.9889 
-9803 
9695 

e9565 
m9414 
.9245 
9058 
8856 

.E640 
8410 

08172 
e7925 
e7671 

7413 
,7151 

6888 
e6624 
-6361 
e6101 
.5 843 

5590 
-5341 

5098 
-4862 
4632 

-4409 
04194 
03986 
e3786 
.3594 
3409 

03233 
03064 

2903 
02749 

2603 
2464 
02332 

A / A *  

I 
11.5366 
5.7941 
3.8929 

2.3931 
2.0275 
1.7719 
1.5852 
1.4447 
1.3367 
1,2524 
1.1864 

1.0934 
1.0618 
1.0378 
1.0205 
1.0088 
1.0021 
1.0000 
1.0020 
1 -0078 
1.0172 
1.0301 
1 0462 
1.0655 
l a 0 8 7 9  
1.1135 
1.1421 
1.1739 
1 2089 
1.2471 
la2885 
1.3334 
1.3817 
1.4335 
1.4891 
1.5485 
1.6118 
1.6793 

2.9509 

1,1343 

D/DT A/A*  w P/PT T/TT ------- RELATIVE TO IDEAL GAS VALUES------ 

1.0036 

1.0034 
1.0035 

1.0033 
1.0031 
1.0028 
1.0025 
1.0021 
1.0017 
1.0012 
1.0007 
1.0002 

.9997 
e9991 
99 86 

-9980 
.9975 
99 69 
99 64 

.9959 
09954 
.9949 
.9945 
9940 

-9936 
.9933 
-9929 
09926 

9923 
09920 

e9915 
09913 
-9911 
.9909 
09907 
m9906 
-9905 
. 9 9 M  
a9903 
m9902 

-9917 

1.0300 
1.0000 
1.5000 

.9997 

.9795 

.9993 
9990 

09987 
.9984 
09980 
,9977 
.9974 
-9969 
.9966 
-9964 
-9962 
-9961 
e9960 
09960 

a 9 962 
.9963 

.9961 

.9966 

.9968 
-997 2 
.9975 
.9979 
09984 
.9988 
09993 
09998 
1.0003 
1.0008 
1.0013 
1.0018 
1.0023 
1.0028 
1 0033 
1 0037 
1.0041 
1.0015 

1.0000 
1 .oooo 

.9999 

.9998 
09997 
09996 
.9994 
09992 

9990 
09988 
.9985 
09983 
m9980 . 9978 
.9975 
.9973 
-9970 
m9968 
09966 

9964 
a9962 
-9960 
09958 . 9957 
0 9956 
.9954 
09953 
09952 
m9951 
09950 - 9950 
09949 
09948 
09941 . 9947 
09946 
09946 
09945 
09945 . 99* 
09943 

1.0000 
1.0000 
1.0002 
1.0000 
1.0000 
1.0001 
1.0001 
1.0002 
1 0003 
1.0004 
1 0005 
1.0007 
1 0007 
1.0009 
1.0011 
1.0014 
1.0017 
1.0021 
1.0025 
1 0030 
1.0034 
1 e0039 
1.0045 
1.0050 
1.0056 
1.0062 
1 0068 
1.0073 
1 0079 
1.0085 
1.0091 
1 e0096 
1.0102 
1.0107 
1.0112 
1.0117 
1.0121 
1.0126 
1 0130 
1.0133 
1.0136 

I 
.9953 

9952 
09955 

9957 
09960 

9963 
9966 

-9969 . 9973 
-9976 

9980 
.9985 . 9988 
-9991 . 99% 

9996 
.9998 
09999 

1.0000 
1.0000 
1.0000 . 9999 

.9998 
9996 

09995 
9992 

.9990 
09987 . 9984 

9981 
09978 
.9975 
e9971 
,9968 
0 9965 
09962 . 9959 . 99 57 . 99% 
.9951 



TABLE I .  REAL-GAS I S E R T R O P I C  EXPANSIONS OF. NITROGEN 

MACH 

0.000 
.OS0 
. lo0  
0150  
.200 
e250 
,300 
0350 

400 

500 
-450 

-550 

-6 50 
600 

0700  
e750 . 800 
.850 
900 

*950  
1 .ooo 
1 050 
1 . l o o  
1.150 
1 .zoo 
1.250 
1.300 
1.350 
1 e400 
1.450 
1.500 
1 e550  
1.600 
1,650 
1.700 
1 e750 
1. 800 
1 e 8 5 0  
1.900 
1.950 
2 .ooo 

REY/M 

0.  
2.784Et07 
5.551E+07 
8.281Et07 
1.096Et08 
1.357E to8  
1.609Et08 
1.852E+08 
2.083Et08 

2.508E+08 

2.879Eb08 

3 192E to8 
3.326Et08 
3 0445 E to8 
3.550Et08 
3.641Et08 
3.718Et08 

3.833Et08 
3.872Et08 
3 e900Et08 
3.9 17 E t o 8  
3.924Et08 
3.922E to8 
30912Et08  
3.894Et08 
3 869E t 0 8  
3.837Et08 
3 .BOO€ to8  

3.711Et08 
3.660Et08 
3.605E t o 8  
30548Et08 
3.488Et08 
3.427Et08 
3.363Et08 
3.298Et38 

2.302Et08 

2 .7OlEtO8 

3.043Et08 

3.782E to8 

3.758E t o 8  

L 

-9852 
-9852 
e9852 
e9851 
.9849 
09847 
.9845 
.9843 
,9840 
-9837 
.9834 
,9831 
-9828 
.9824 
09821 

09815 

09809 

-9818 

-9812  

-9806 
-9804 
,9802 
-9800 
.9798 
e9796 
.9795 
.9794 
.9793 
.9793 
09793 
.9793 
.9793 
.9793 
.9794 
.9795 
.9796 
09797 
,9798 
09800 
e9801 
-9803 

J. TT = 

GAMMA 

1.4555 
1.4555 
1.4554 
1.4553 
1.4551 
1.4548 
1.4545 
1.4542 
1.4538 
1.4533 
1.4529 

1.4517 
1.4511 
1.4505 
1.4498 
1.4491 
1.4483 
1.4476 
1 e4468 
1.4460 
1.445 2 
1.4443 
1.4435 
1.4426 
1.4418 
1.4409 
1.4401 
1.4392 
1.4384 
1.4375 
1.4367 
1.4359 
1.4350 
1 e4342 
1.4335 
1.4327 
1.4319 
1.4312 
1 A 3 0 5  
1.4298 

1.4423 

250 K 

w 
M/SEC 

324.00 

323.62 

322.49 

320.63 

323 e91 

323.15 

321.65 

319.45 
318.10 
316.60 
314.95 
313.17 

309.23 

304.85 

300.11 
237.63 

311 -26 

307 09 

302.52 

295.08 
292.47 
289.81 
287.11 
284.38 
281.62 

276.02 

270.38 
267.55 

278.83 

273.21 

264 72 
261.89 
259.07 
256.27 
253.47 
250.69 
247.93 
245.18 
242.46 
239.77 
237.09 

PT = 20 A l l 4  

P/ PT 

1.0000 
.9983 
.5929  
m9841 
-9719  
.9565 
-9382 

9172 
.89 37 

8678 
-8402 
.e111 
,7807 
.74F4 
a7174 
e 6 8 5 0  
.6525 
.6201 
.5880 
-5565 
e 5 2 5 5  
.4954 
-466 2 
.4379 
.41C8 
.3848 
.3599 
e3362 
e3137 

2925 
.2723 
m2534 
.2355 
.2188 
-2031  

1884 
-1747 
e1619 

1500 
e1389 
~ 1 2 8 6  

T/TT 

1,0000 
.9995 
.9979 
.9953 
-9917 
m9871 

-9751  
a9677 
.9595 
e9505 
.941)8 
e9304 
-91 94 

-9815 

,9078 
e8956 
-8831  
e8701 
,8567 
-8431 
08292 
a8151 
.8008 
e7864 
.7719 
.7574 
-7428 
.7283 
.7138 
0 6994 
-6851 
-6110 
-6569 
-6431 
e6294 
-6159  
-6025 
.5894 
5766 

-5639 
05515 

DT = 27.721 KGH/M3 CONT I N U E O  

O/DT 

1.0000 
.9988 
,9950 
.9889 
-9803 

9695 

9415 
9 246 
9058 

e8856 
8640 

e8412 

7928 
-7675 

741 8 
-7157 

-9566 

- 8 1  74 

.6894 
-6631 
6369 

-6110 
.5 853 

5600 
-5352 
.5110 
.4874 
4644 

e4422 
4207 

.3999 . 3799 
-3607 
-3423 
e3246 
-3077 
-2916 
-2762 

2616 

2344 
-2476 

A/ A* 

I 
11.5162 
5.7850 
3.8864 
2.9462 
2.3894 
2,0246 
1.7696 
1.5834 
1.4436 
1.3358 
1.2518 
1.1858 
1,1338 
1.0931 
1.0610 
1.0377 
1.0204 
1.0088 
1.0021 
1.0000 
1.0020 
1.0078 
1.0172 
1.0299 
1.0460 
1.0652 

1.1129 

1 .1731  

1.0875 

1.1415 

1 2079 
1.2459 
1.2872 
1.3318 
1.3 799  
1.4315 
1.4869 
1.5460 
1.6091 
1.6763 

w P/PT 1/11 D/DT A / A *  ------- RELATIVE TO IDEAL GAS VALUES------ 

1.0053 
1.0052 
1.0051 
1.0049 
1.0046 
1.0042 
1.0037 
1 0032 
1.0026 
1.0020 
1.0013 
1.000t 

.9999 
-9992 
.9984 
e9976 
e9969 
-9962 
.99 54 
.9947 
09941  
,9934 
-9928 
9922 

-9916 
.9911 
-9906 
9902 

.9898 
,9894 
.9890 
.9887 
.9884 
-9881  
.9879 
.98 77 
.9875 
09873 
09872 
.9871 
09869 

1.0000 
1.0000 

.9998 
9996 

,9994 
9990 

.5987 
-9982 
.9978 
e9971 

9967 
09962 
.9958 
.9954 
e9951 
.9948 
-9946 
-9946 
.9945 
9946 

09948 
9950 

09953 
.995 7 
-9361 
.9966 
.9372 
.9978 
.9984 
-9990 
.9997 

1 0004 
1.0011 
l .Oi) l8  
1 0025 
1 3032 
1 0038 
1 0045 
1.0051 
1.0056 
1 0062 

1. 0000 
1.0000 

09999 
.9998 
-9996 
.9994 
.9992 
,9990 
.9987 
.9984 
.9980 
09977 
.9974 
09970 
.9967 
.9964 
-9961 
,9958 
.9955 
-9952 
-9950 
.9948 
09946 
.9944 
09942 
.9940 
.9939 
.9938 
.9937 
.9935 
.9935 . 9934 
.9933 

9932 
e9931 
-9931 
-9930 
, 9929 

.9928 
-9928 

-9927 

1.0000 
1.0001 
1 . 0000 
1 .oooo 
1.0001 
1.0001 1.0002 

I e0003 
1.0004 
1.0003 
1.0005 
1.0007 
1 0009 
1.0012 
1.0015 
1.0019 
1.0024 
1.0029 
1 1.0041 a0035 

1.0047 
1.0054 
1.0061 
1.0069 
1.0077 
1 a0085 
1.0093 
1.0101 1.0109 

1.0117 
1.0125 
1.0132 
1.0140 
1.0147 

1.0160 
1 1.0172 a0166 

1 e0178 
1 0183 
1.0187 

1.0154 

i 
.9935 . 9937 
.9939 
-9941  
.9945 
.9949 
.9953 
.9957 

99 64 
9970 
, 9975 
.9980 
.5984 
.9988 

9992 
.9995 
.9997 
.9999 

1 .  0000 
1.0000 
1.0000 

.9999 

.9997 . $995 

.9993 

.9990 
9986 

-9982 
.9978 
.9974 

9970 
e9966 

9961 
.9957 
.9953 
.9948 
.9944 
.9941 
.9937 . 9934 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
-050 
. l oo  
.150 
.200 
.250 
-300 
.350 
-400  

.500 

.550 

.bo0 

.650 

.700 
.750 
0800 
.E50 
0900 
.950 

1 -000 
1.050 
1 . loo  
1.150 
1.200 
1.250 
1.300 
1.350 
1 e400 
1.450 

-450 

1.500 
1.550 

1 . t 50  
1.600 

1 e700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 

R E Y / M  

0.  
3.473€*37 
6.916EtO7 
1.032E *i)8 
1.365€*08 
1 690Et08 
2. OO5E to8 

2.595Et08 
2.868E *08 
3.12% *a8 

3.587E *08  

2.307Et08 

3.365€*58 

3.791Et98 
3.977Et08 
4.145€*08 
4.294Et08 
4.425€*08 

4.636E to8 
4.716 E to8 

4.831E *08 

4.539€*08 

4.781E*O8 

4.867Et08 
4.889E e08 
4.900E to8 
4.898E to8  
4.887E to8 
4.866E to8  
4.835€*08 
4.797Et08 
4.752E *08  
4.700€*08 
4.643E *08  

4.5 14E *08  
4 -443 E *08 
4.369E e08 
4.293€*08 
4 214E *08 
*.134E*08 

4.581Et08 

2 

.9820 
-9820 
e9819 

e9815 

-9810 

,9817 

.9813 

.9807 
-9803 
09800 
-9796 
-9791 
,9787 
.9783 
,9778 
.9774 
.9770 
a9766 
-9762 
.9759 
.9755 

9752 
.9749 
.9747 
.9745 
09743 
.9742 
-9741 
.9740 
-9740 
.9739 
.9740 
.9740 
-9741 
,9742 
.9743 
,9744 
.9746 
-9747 
.9749 
-9751 

J. TT  = 

GAMMA 

1.4698 
1.4698 
1.4697 

1.4693 
1.4690 
1.4686 
1.4682 
1.4677 
1.4672 

1.4659 
1.4652 

1 a4637 

1.4695 

1.4666 

1.4645 

1.4629 

1.4611 
1.4620 

1.4601 
1.4592 
1.4582 
1.4572 
1.4561 
1.4551 

1.4530 

1.450 8 
1.4498 
1.4487 
1.4477 
1.4466 
1.4456 
1.4446 

1.4540 

1.4519 

1 e4436 
1.4426 
1.441 6 

1.4397 
1.4388 
1.4379 

1,4407 

250 K 

w 
M/ SEC 

324 65 
324.55 
324 25 
323.75 
323.06 

321 -13 
319.89 
318.49 
316.93 
315.22 
313.37 
311 a39 

307 -09 

322.19 

309.30 

304.79 

299.92 

294.77 

289.40 
286.65 

281.07 

275.41 

269.71 
266.86 

302 39 

297.37 

292.11 

283 .88 

278 -25 

272.57 

264.01 
261.17 

255.52 
252 e71 
249.92 
247.16 
244.41 
241.69 
238.99 
236.32 

258.34 

PT = 25 ATM OT 34.767 KGM/M3 CONT I NUEO 

P /PT  

1 .oooo 
-9983 
e9928 
.SC43 
-9717 
9563 

.9379 
-9165 

8929 
8671 

.e394 . 8102 

.7798 

.7484 
-7164 
-6040 
-6515 
-6192 

5871 
a5556 
524 8 

.4947 
-465 6 
.4374 
-4103 
.3844 
3596 
03360 
,3136 
2924 

-2723 
-2534 
-2356 
e2189 
a2033 

1886 
1749 
1621 

e1502 
.1391 . 1288 

T / T T  

1 .oooo . 9995 
.9979 
09953 
e9936 
-9870 
e9814 
.9748 
-9674 
09591 

9403 
-9298 
.9187 
e9070 
.e949 
.E822 
-8692 
.e558 
-8421 
-8282 
e8141 
.799 8 
.7854 
. n o 9  
m7563 
-7418 

7273 

-9500 

.7128 
-6984 
-6842 
6700 

-6560 
-6421 
e6284 
.6149 
-6016 
-5886 
.5757 
05631 

5506 

O/DT 

1.0000 . 9988 
a9950 . 9889 
e9804 
-9696 
e9566 
,9414 

9245 
9059 

.E857 
8642 

-8415 
81 77 

-7932 

7423 
e7163 

6901 
e6639 
6378 

,6119 
.5863 
-5611 
-5364 
a5122 
.4887 
e4658 
e4436 
4221 

-4013 
m3813 
e3621 . 3437 
e3260 
e3091 

2930 

2629 
2489 
2356 

-76 80 

- 2  776 

A / A *  

I 
11.4947 
5.7745 
3.8795 
2.9412 
2 e3856 
2.0216 
1 7675 
1.5818 
1.4420 
1.3346 
1.2508 
1.1852 
1.1334 
1.0928 
1.0613 
1.0376 
1.0203 
1 a0087 
1.0022 
1.0000 
1.0020 
1.0078 
1.0171 
1.0298 
1.0458 
1.0649 
1.0871 
1.1124 
1.1408 
1 1723 
1.2069 
1 2447 
1.2858 
1 e3302 
1.3780 
1.4294 
1.4845 
1 5434 
1.6062 
1.6731 

w P / P T  T / T T  O/DT A/A* 
-------RELATIVE TO IOEAL GAS VALUES------ 

1.0073 
1.0072 
1.0071 
1.0068 
1 0064 
1.0059 
1.0053 
1.0046 
1.0039 
1.0030 
1.0022 
1.0013 
1.0003 

,9994 
.99 84 
.9974 

9965 
.9955 
a9946 
.9937 
09928 

9920 
09912 
-9904 
.9897 
e9891 
.9884 
.9879 
.9873 
a9868 
a9864 
09860 
e9856 
.9853 
-9850 
.9847 
.9844 
.9842 
9840 

09839 
.9837 

1.0000 
1.0000 

.9998 
09995 
e9992 
09988 
.9983 
09976 

9969 
-9963 
.9957 
09951 
.9946 
09941 
.9937 
09933 

9931 
-9930 

9930 
.I 993 1 
09933 

9936 
09940 
,9944 
.9950 
,9957 
,9964 
-9971 
-9979 
.9988 

9996 
1.0005 
1.0014 
1.0023 
1.0032 
1.0041 
1 0049 
1.0057 
1.0065 
1.0072 
1 0079 

1.0000 
1.0000 

.9999 
a9997 . 9995 
99993 
-9990 . 9987 
.9983 
09979 
-9975 
09971 . 9967 
-9963 
09959 . 9955 
-9951 
.9948 
09944 

9941 
99936 
.9935 
09933 

9931 
09929 

9927 . 9925 
-9924 
9922 

09921 
9920 

09919 
991 8 
99 17 

09916 
.9916 
-9915 
.9914 
-9913 
-9912 
09911 

1.0000 
1.0001 
1. 0000 
1.0001 
1.0001 
1.0002 
1 0003 
1.0002 
1.0003 
1.0004 
1 0006 
1.0009 
1.0012 
1.0015 
1.0020 
1.0025 
1 00031 
1.0037 
1.0045 1 0052 

1.0063 
1.0070 
1 0079 
1.0089 
1 0099 
1.0109 
1.0119 
1 1.0140 e0129 

1.0150 
1.0160 
1.0170 
1.0180 
1.0189 
1.0198 
lo0206 
1.0214 1.0222 

1 m0229 
1.0235 
1.0241 

I 
-9917 

9919 
89921 
-9925 

9929 
-9934 

9941 
09948 . 99 54 
09961 

9967 
.9974 
9980 

.9985 
9990 

.9993 

.9997 
09999 

1.0000 
1.0000 
1.0000 . 9999 

-9997 
9994 

e9991 

-9982 . 9978 
09912 

9967 
-9962 
09946 

9950 
.9945 . 9939 
-9934 

9929 
09924 

9920 
-9915 

.99e7 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS O f  NITROGEN 

HACH 

0.000 
.os0 
0100 
.150 
.zoo 
.250 
-300 
0350 
e400 
0450 
.so0 
e550 
600 
-650 
e 700 
.750 
.a00 
.E50 
0900 
e950 

1 . 000 
1.050 
1.100 
1.150 
1 .zoo 
1.250 
1.300 
1.350 
1.400 
1.450 
1.500 
1.550 
1 e600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1 e950 
2.000 

REV/H 

0. 
4.152Et07 
8.276E tO7 
1.235E+08 
1 e634Et08 
2.0236*08 
2.398Et08 
2 e760EtO8 
3.104Et08 
3.431E +08 
3.739Et08 
4 . 0 2 6 ~  toa 
4.292Et08 
4.536E t o 8  
4.759Et08 
4.960E t J 8  
5.139E t o 8  
5.297Et08 
5.433Et08 

5.647€*58 
5.725Et08 
5.786Et08 
5.830Et08 
5.859E t J 8  
5.873E+08 
5.873Et08 
5.860E +OB 
5.836Et08 
5.802E t o 8  
5.758E to8  
5.705Et08 
5.644Et08 
5 e577Et08 
5.504E t 08 

5.341E to8  
5.254E to8  
5.163Et08 
5.070Et08 
4.975E to8 

5. SSOE t 08 

5.425E e08 

z 

09789 
.97d9 
09788 
,9786 
.9783 
-9780 
.9777 
.9773 
-9768 
09763 
.9758 
,9753 
.9747 
-9 142 
-9736 
-9731 
,9726 

09716 
-9711 
09707 
,9703 

-9720 

.9699 

-9693 
e9696 

e9691 
-9689 
-9688 
-9687 
r9686 
9686 
09686 
e9686 
09687 
e9688 
e9689 
-9690 
-9692 
.9694 
,9696 
,9699 

J. TT = 

GAHHA 

1.5843 
1.4842 
lo4841 
1.4839 
1.4837 
1.4833 
1.4829 
1.4824 
1.4818 
1.4812 
1.4805 
1.4798 
1.4790 
1.4781 
1.4772 
1.4762 
1 a4752 
1.4741 
1.4730 
1.4719 
1.4707 
1.4695 
1.4683 
1.4670 
1.4658 
1.4645 
1.4632 
1.4620 
1.4607 

1.4582 
1.4594 

1.4569 
1.4557 
1.4544 
1.4532 
1.4520 
1 e4509 
1.4497 
1.4486 
1.4475 
1.4464 

250 K 

w 
w s E c  

325.38 
325.28 
324.97 
324.45 

322.81 
321.70 

318.95 

315.55 
313.63 
311.59 

307.14 
304.77 
302.30 
299.76 
297.15 
294.49 

323.73 

320.41 

317.33 

309.42 

291.78 
289.02 
286.22 
283.40 
280.55 
277.69 
274.82 
271 a94 
269.07 
266.19 
263.32 
260.46 
257.61 
254.78 
251 -96 
249.17 
246.40 
243.65 
240.92 
238.22 
235.55 

P T  = 30 ATH 

P/PT 

1.0000 
.9983 
9928 
e9839 
09715 
-9560 . F373 
e9160 
.e922 

866 3 
-8386 
8093 
.7788 . 7474 
e7153 
-6830 
e6505  
-6182 

586 2 
.5547 
5239 
-4940 
464 9 
-4369 
-4099 
.3840 
.3593 
.3358 
-3135 
-2923 
2723 
-2535 
e2357 
-2190 
2034 

01888 
1751 
1624 
15 05 
1394 
1291 

T/TT 

1 .oooo 
.9995 
09979 
a9952 
09915 
,9868 
-9811 
.9745 

.9587 
-9496 
09397 
-9292 
-9180 
-9063 

.96ro 

8941 
e8814 
.E683 
,8549 
a8412 
08272 
e8131 . 7988 
.7844 
.76 99 
.7554 
.7408 
a7263 
.7119 
,6975 
06832 
-6691 
e6551 
06412 
e6276 
06141 
,6008 
,5877 
5749 
-5623 
.5499 

COW LUDED DT = 41.851 KGH/H3 

D/DT 

1.0000 
0 9988 
9950 
,9889 . 9804 
e9696 
9565 
9415 
9246 
a9060 
-8659 
8644 
a8417 
.ai80 
-7936 
7685 
7429 
e7170 
6909 
-6648 
.6387 
a6129 
.5874 
-5623 
e5376 
e5135 

4672 
.4900 

-445 0 

.4028 

.3637 

e4236  

e3829 

3452 
-3275 
03106 
,2944 
.2790 

-2503 
2643 

2369 

A/A* 

I 
11 a4721 
5.7634 
3.8723 
2.9359 
2.3816 
2.0188 
1.7651 
1.5799 
1.4405 
1.3334 
1.2499 
1.1843 
1.1327 
1.0923 
1.3610 
1.0373 
1.0202 
1.0086 
1.002 2 
1.0001 
1.0020 
1.0078 
1.0170 
1 0297 
1.0455 
1 .Ob45 
1.0867 
1.1118 
1 e1400 
1.1714 
1.2058 
1.2434 
1.2843 
1.3285 
1.3761 
1.4272 

1 5407 

1 a6698 

1.4821 

1 .bo32 

w P/PT T/TT O/OT A/A* ------ -RELATIVE TO IDEAL GAS VALUES---- 

1.0096 
1.0095 
1 0093 
1.0089 
1.0084 
1.0078 
1.0071 
1 0063 
1 e0053 
1 0043 
1.0032 
1.0021 
1.0010 
09998 

.9974 
-9962 
-9950 
.9939 
-9928 
e9917 
e9907 
09897 
.9888 
09879 
9871 
-9863 
-9856 
.9849 
.9843 
,9838 
.9833 
-9828 
09824 
9020 
09817 
-9814 
-9611 
-9809 
-9807 
.9805 

.wa6 

1.0000 
1.0000 
.9997 
,5994 
a9990 
.9Y85 
09917 
-9970 
e9962 
.9955 
.994 7 
9940 

.9933 
09927 
.9922 
991 8 
m9916 

9914 
.9J14 

.9915 

-9921 
-9925 
e9931 
09938 
9946 
.s955 
.9964 
05974 
.9385 
09995 

1.0006 
1.0017 
1.0028 
1.0039 
1.0050 
1.0060 
1.0il70 
1.0080 
1.0389 
1 0098 

,9917 

1.0000 
1.0000 
.9999 
09997 
09995 
9992 
09988 
.9984 
.99 80 
,9975 
-9971 
e9966 
e9961 
09956 
e9951 
09946 
9942 
.9938 
.9934 
-9930 
e9927 
-9924 

-9918 
e9921 

09916 
e9914 
-9912 
a9910 
09909 
.9908 
-9906 
-9905 
.9904 
-9904 
9903 
09902 
e9901 
9900 
.9899 
-9098 
.9897 

1 .om0 
1 1.0001 .om0 

1.0001 
1.0001 
1.0002 
1.0001 
1.0002 
1.0004 
1 e0005 
1.0008 
1.0011 
1.0015 
1.0020 
1.0025 
1.0032 
1 0039 

1.0056 
1.0065 

1.0086 
1.0097 
1.0109 
1.0122 
1.0134 
1.0147 
1.0160 
1.0173 

1.0047 

1 moo75 

1.0185 1.0198 

1.0210 
1.0222 
1.0233 
1.0244 
1.0255 
1.0264 
1.0274 
1.0282 
1.0298 1.0290 

1 

9900 
m9903 
-9907 
-9912 
9920 
-9928 . 9935 
.9944 
9952 
-9960 
-9967 
.9975 
-9981 
09987 
e9991 
.9995 
.9998 

1.0000 
1.0001 
1.0000 
.9999 
e9996 
.5993 
.9989 
.5984 
.99 78 . 9973 
-9966 
-9960 
.9953 
-9946 
.9939 
-9932 
9926 

m9913 
9907 
5901 

.9896 

.9a97 

-9919 

W 
ul 



MACH 

0 .do0 
-050  
. loo 
0150 
.200 
0 2 5 0  
e300 
-350 

-450 

-550 

e400 

e 5 0 0  

e600 
a650 
0700 
.750 
.a00 
,850  
-900 

. a950 
1 .ooo 

.1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1 400 
1.450 
1.500 
1 a550 
1.600 
1.650 
1.700 
1.150 
1..800 
1.850 
1.900 
1.950 
2 .ooo 

RE Y /H 

0. 
1 11 4E *06 
2 22 5E *06 
3.319Et06 
4.392Et06 
5.o36Et06 

1 0414 E t06  
6.445Et06 

8.337E *06 
9 e21 1 E *06 
1.003E *07 
l.O80E*O7 
1 150E *07 

1 273 E *07 
1 -325Et07 
1.37 1E *07 
1 e411 E t07  
1.445E *57  
1.474€*07 
1.497Et07 
1.515€*07 
1.52RE *07 
1.536E *07 
1 540E *07 
1.543 E *07 
1 537E *07 

1.52dE*07 

1 .49ZE *07 

1.455Et07 

1.412E*37 
1.388Et07 

1.338Et07 

1 2 86E *07 
1.259€*07 

1.214E *07 

1.533E t 5 7  

1.507E*07 

1.475Et07 

1.4 34E *07  

1.364E t07  

1.31 2E t 0 7  

L 

,9998 
.9998 
.9998 
.9998 
,9998 
,9998 
.9998 
.9998 
,9998 
.9998 
.9997 
.9997 
.9997 
.9997 
09997 
,9997 
m3996 
e9996 
.9996 
-9996 
e9996 
e9996 
.9995 
.9995 
.9995 
09395 
.9995 
.9995 
.9995 
.9995 
.9995 
.9995 
09995 
,9995 
09995 
.9395 
09995 
.9995 
.9995 
.9995 
.9995 

K. 

GAUMA 

1.4017 
1 e4017 
1.4017 
1.4017 
1.4017 
1.4017 
1.4017 
10.4017 
1.4017 
1.4017 
1.4017 
1.4017 
1 d o 1 6  
1.4016 
1.4016 
1.4016 
1.4016 
1.4016 
1.4016 
1.4016 
1.4015 
1.4015 
1.4015 
1.4015 
1.4014 
1.4014 
1.4014 
1.4014 
1.4013 
1.4013 
1 e4013 
1.4012 
1.4012 
1.4012 
1.4012 
1.4011 
1.4011 
1 a4011 
1.4010 
1.4010 
1.4010 

TABLE I .  REAL-GAS I S E N T R O P I C  EXPANSIONS OF N ITROGEN 

17 = 300 K PT = 1 ATM DT = 1.138 KGM/l43 

W 
M/SEC 

353.21 

352.86 
353 e12 

352.42 
351.80 
351.01 
350.06 
348.94 
347.66 
346.23 
344.66 
342.94 

339.11 
337.01 
334.79 
332.47 
330 06 
327.56 

341.09 

324 -97 
322.31 

316.79 
319.58 

313.95 
311.07 
308.14 
305 19 
302.20 
299 19 

293.14 
296.17 

290.10 
287.06 
284.01 
280.98 
277.95 
274.94 

268.96 
266.00 
263.07 

271.94 

P / P T  

1. GOO3 

.9930 
m998 2 

9844 
-9725 
.9s7 4 
,9394 
9187 

.a955 
e701 

.. 8431 

.E142 

.7839 
-7527 
7208 

-6884 
06559  
-6233 
05911  
.5593 
.5281 
.4977 
-4682 
.4397 
n4123 
3860 

,3608 
336 9 

-3142 
a2927 

27 24 
2532 
235 3 

a2184 
2026 

.1878 
1741 

4 6 1 2  
1493 

a1382 
-1278 

1/11 

1 . 0000 
.9995 
.9980 
.9955 
-9921 
09876 

e9760 
-9689 
09610 
a9523 

e9327 
e9220 
a9106 
.E987 

9864 
.e736 
8604 

-8469 
8331 

e8191 
-8050 
e7906 
e7762 
07617 
.7472 

7327 
-7182 

e6894 
a6752 
-6632 
.6472 
06335 
-6199 
9 6066 
.5934 
5 805 

.5678 
05554 

.9823 

.9429 

.7038 

O / D f  A/A* 

.~ 

-9950 
.9888 
-9803 

9694 

9413 
-9242 

9055 
.e853 
-8636 

8405 
-8165 
7916 

e7661 
7401 

-7137 
m6871 
e6605 

-6078 

5563 
-5313 

5069 
e4831 
4600 

e4376 
e4163 
.395.? 
e3752 

3560 
.3375 
03199 
-3031  
2870 
27 18 
2572 

-2434 
-2303 

.9564 

-6341 

-5818 

1.0000 I 
-9987 11 -5890 

5 .e206 
3.9095 
2.9630 
2.4023 
2.0348 
1.7777 
1.5900 
1.4486 
1.3394 
1.2546 
1.1881 
1.1355 
1.0943 
1.0624 
1.0382 
1.0207 
1.0089 
1.0021 
1 .0000 
1.0020 
1.3079 
1.0174 
1 e0304 
1.0467 
1 e0663 
1.0890 
1.1148 
1.1438 
1.1760 

1.2500 
1.2920 
1.3373 
1.3861 
1.4386 
1.4947 
1.5541 
1 e6187 
1.6869 

1.2114 

1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0003 
1.0003 
1.0003 
1.00d3 
I .  0003 
1.0002 
1.0002 
1.0002 
1.0001 
1.0001 
1.0001 
1.0001 
1.00~)O 
1.0000 
1 .oooo 

.9999 

.9999 

.9999 

.9999 

.9998 
.9998 
.9998 
.9998 
.9998 
.9998 
.9997 
.9997 
.9997 . 9997 
.9997 
.9997 
.9997 
09997 

1 . 0oou 
1. coo0 
1. 3000 
1.0000 
1.5000 

.9999 

.9999 

.9999 

.9999 

.9998 
1.0000 
1.3331 

-9998 
-9998 
.9998 
.999 8 
.9997 
.9997 
09-397 
.9997 
.9997 
.9997 
.9957 
.9997 
.9997 
.9598 
.9998 
.9998 

5998 
.4999 
.999 9 
,9999 

1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.3002 

T / T T  D./DT A/A* 
TO IDEAL GAS VALUES------- 

1.0'000 
1 mQ000 
1.0000 
1 .oooo 
1.0000 
1 .oooo 
1.0000 
1 .oooo 
1.0000 

09999 
.9999 . 9999 
.9999 
.9999 
,9999 
,9999 
.9998 
.9998 
.9998 
.9998 
09998 
.9998 
.9998 
.9997 
.9997 
e 9 9 9 1  
.9997 
09997 
.9997 
09997 
.9997 . 9997 
.9997 
,9997 
.9997 
.9997 
.9997 
.9997 
09996 
-9996 
09996 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0002 
1.0000 1.0002 

1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0002 
1.0002 
1.0003 1.0003 

1 e0004 
1.0004 
1 0004 
1 0005 
1.0005 
1 0006 
1.0006 
1 0006 
1.0007 
1.0007 
1. 1.0008 0008 

1.0008 
1 0009 
1 0009 
1.0009 

i 
.9998 . 9998 
.9998 
.9998 
.9998 
.9998 
.9999 
.9999 . 9999 
.9997 
.9997 
.9999 

1 .9999 .0000 

1.0000 1.0000 

1 1.0000 .oooo 

1. OOOG 
1.0000 

1 .0000 

1.5350 
1.0000 
1.0000 
1 .oooo 
1.0000 

.9999 
.9999 . 9999 
.9999 . 9998 
.9998 
.9998 
.9998 
.9997 
..9997 
.9997 . 9997 
-9996 
9996 



TABLE I .  REAL-GAS ISENTROPlC EXPANSlONS OF NITROGEN 

MACH 

0.000 
e050 
. loo  
-150 
.zoo 
a250 
0300 
a350 
-400 
-450 
- 5 0 0  
-550 
-600 
e650 
a700 
.750 
e800 
0850 
e900 
950 

1 .ooo 
1.050 
1.100 
1.150 
1.200 
1.250 

1 a350 
1.400 
1.450 
1.500 
1 550 
1 -600 
1.650 
1.700 
1.750 
1 e800 
1.850 
1.900 
1.950 
2 .ooo 

1.306 

REY/H 

0. 
3.343E +Ob 
6.665Et06 
9.942EtO6 
1 3 1  6E +07 
1.628E +07 
1 931 E +07 
2 221E +07 
2 .498E +07 

3 -005E +07 
2.759€+07 

3.233E + O f  
3.445E +07 

3.813E +07 

4.107Et07 

4.330EtOI 

4.485Et07 

3.63 BE +07 

3 969E +07 

4.227 E +07 

4.4lbE+O7 

4 5 39E +07 
4.579€+03 
4.604€+07 
4.61 7E +07 
4.618€+07 
4.607€+07 
4.587E +07 
4. 558E +07 
4.520Et07 
4.475€+07 
40423Et07 

4, 303E+07 
4.237E +07 
4 166E +07 
4.093E +07 
4.017Et07 
3.939€+07 
3.859€+07 
3.779€+07 

4.366€+07 

2 

.9995 
09995 
.9995 
.9995 
.9994 
.9994 
09994 
.9993 
09993 
.9993 
09992 
e9992 
.9991 
m9991 
-9990 
-9990 
09989 
09989 
-9988 
09988 
-9987 
09981 
m9987 

99 86 
9986 

-9985 
.9985 
,9985 
09985 
,9985 
09984 
.9984 
.9984 
.9984 
09984 
.9984 
09984 
09984 
, 9984 
09984 
.9984 

K .  TT = 

GAMMA 

1.4051 
1.405 1 
1 e4051 

1 e4051 

1.4051 

1.4051 

1.4051 

1.4051 

1.4050 

1.4049 
1.4049 
1.4048 
1.4048 

1.4047 

1.4050 

1.4050 

1.4047 

1.4046 
1 4045 
1.4045 

1.4043 
1 e4042 
1.4041 
1.4041 
1.4040 
1.4039 
1.4038 
1.4037 
1.4036 
1.4036 
1 e4035 

1.4033 
1.4032 
1.4032 
1.4031 
1.4030 
1.4029 
1.4029 
1.4028 

1.4044 

1 . 4034 

300 K 

W 
M /  SEC 

353.53 
353.44 
353.17 
352.72 
352.10 
3 1 . 3 0  

349.20 

346.46 
344.86 
343.12 
341.25 
339.25 
337.12 
334.89 
332.55 

327.59 

322.30 

350.33 

347.91 

330 11 

324.98 

319.56 
316.75 

311.00 
313.90 

308.06 
305 09 
302.09 
299.08 
296.04 
293.00 
289.95 
286.90 

280.82 
277 e79 
274.77 
271.77 

265.83 
262 89 

283.86 

268.79 

PT = 3 ATH 

P / P T  

1.0000 
09982 
e9930 
.5844 
-9725 
.5574 
,9394 
-9187 

8955 

m8427 
.e699 

.a138 
7836 

e7524 
,7205 
-6881 
-6555 
e6230 
-5908 . 5591) 
.5279 . 497 5 
e 4 6 8 0  
04395 
a4121 

e3607 
-3368 
-3141 
-2926 

2723 
e2532 

2353 
-2184 

2026 
1879 

-1741 
m1613 
1493 
1382 

a1279 

.3e58 

T/ TT 

1 .oooo 
09995 
-9980 
.9955 
e9920 
.9876 
e9822 
,9760 
0968.8 

09522 
e9427 
9325 

e9218 

e8985 
8861 

,8733 
-8601 

8466 
a8328 
08188 
e8046 
07903 
e7758 
m7613 
e7468 
e7323 
07178 
-7034 
06891 
-6749 
06608 
,6469 
-6332 
-6196 

.9609 

.9104 

-6 063 
-5931 
-5802 
05675 
e5551 

01 3.416 KGMfM3 CONTI  FIUEI) 

D/DT 

1.0000 
9988 

-9950 
9889 

-9803 
.9695 
-9565 
-9415 
9245 

8852 
e8635 

8405 

,9055 

-8166 
-7917 
.7662 
-7402 

-6873 

.6343 

-7139 

6608 

6081 
e5821 
5566 

-5317 
.SO72 

.4604 
e4835 

a4380  
,4164 
03956 

3564 
3380 

3035 
-2875 
2722 
2576 

02438 
2307 

.3756 

. 3 2 M  

A /  A* 

1 
11.5829 

5 a8175 
3 9075 
2.9613 
2 A 0 1 0  
2.0336 
1 e7767 
1.5890 
1.4481 
1.3394 

1.1879 
1 1354 
1.0942 
1.0623 
1.0382 
1.0206 
1 moo89 
1.0021 
1.0000 
1.0020 
1.0079 
1.0174 
1 e0304 
1.0467 
1.0662 
1 .OB88 
1.1147 
1.1436 
1 1757 
1.2111 
1.2496 
1.2915 
1.3368 
1.3855 
1 A 3 7 9  
1.4939 
1.5539 
1.6178 
1.6858 

1.2546 

W P /P f  T/ TT O/OT 1/18 ------- R E L A T I V E  TO IDEAL GAS VALUES------- 

1.0013 
1.0013 
1.0013 
1.0013 
1 0013 
1 .oo 12 
1.0012 
1.0011 
1 .OOlO 
1.0010 
1.0009 
1.0008 
1.0007 
1 0006 
1.0006 
1 0005 
1.0304 
1.0003 
1.0002 
1.0001 
1.0000 

09999 
9998 

e9998 
.9957 
09996 
.9995 
.9995 
.9994 
.9994 
09993 
.9993 
09992 
.9992 
09991 

9991 
-9991 
9990 
9990 
9990 

09990 

1.cooo 
1.01)00 
1.OJO0 
1. 0000 
1.0000 
1.0900 
1. coo0 

.4999 

.9999 
-9396 . 9996 
.9995 . 9994 
.9994 . 9993 
.9993 
.9993 
-9992 
-9992 
e9392 
e9992 
-9992 
.9993 
09993 
.9993 . 9994 
.9995 
.9995 
.9996 
.9997 
09998 
.9999 

1.0000 
1.0001 
1.3002 
1.0002 
1.0003 
1 0004 
1.0005 
I. 0006 
1.0007 

1.0000 
1.0000 
1.0000 
1.0000 
1 0000 

09999 
09999 
.9999 
-9998 
9998 

-9998 
9997 

09997 
.9997 
09996 
9996 

.9995 
09995 
.9995 
09994 
.9994 
.9994 
.9993 
09993 
.9993 
09993 
m9992 
9992 

-9992 
09992 
09992 
9992 

09992 
9992 
9992 

a9992 
9992 

09992 
9991 

09991 
-9991 

1 . 0000 
1 .oooo 
1.0000 1.0000 

1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 1.0003 

1 1.0006 moo05 

1.0007 
1 0008 
1 0009 
1.0010 
1.0011 
1.0012 
1.0013 
1.0014 
1.0015 
1 o0016 
1.0017 
1.0019 
1 . 0020 
1.0021 
1.0022 
1.0023 
1.0024 
1.0025 
1.0026 1-0026 

I. 5004 

i 
.9993 
.9993 
.9993 
.9993 
.9993 
.9993 . 9993 
.9993 
-9996 
a9996 . 99 97 

9998 
9998 . 9999 

.9999 . 9999 
1.0000 1.0000 

1.0000 1.0000 
1 .oooo 

1 . 0000 
1.0000 

.9999 . 9999 

.9999 . 9998 

.9998 . 9997 
09996 
9996 . 9995 

.9994 . 9994 

.9993 
9992 

-9992 
9991 

.9990 
9990 



TABLE I. REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
-050 
0100 
e150 
e200 
e250 
e300 
-350 
0400 
0450 
.500 
0 5 5 0  
0600 
0650 
e700 
0750 
.E00 
e 850 
-900 
0950 

1.000 
1.050 
1.100 
1.150 
1.200 
1 e250 
l e  300 
1.350 
1 e400 
1.450 
1.500 
1.550 
1.600 
1.650 
1 e700 
1.750 
1 .eo0 
1.850 
1.900 
1.950 
2.000 

REY/M 

0. 
5.564EtO6 
1 109E +07 

2.189€+07 
2.710€+07 
3 e212 E +07 
3.6956 +07 
4.156E 607 
4.591 E +07 
5.000E+07 
5 3 8 1 E + 07 
5.733€+07 
6.054€+07 
6.345€*07 
6.606E +07 
6.836€+07 
7 m037E +07 
7 2 08E +07 
7.351E+J7 
7m468E +07 
7.558€+07 
7.624€+07 
70668Et07 
7.689€+07 
7 691E +07 
7.6756 +07 

70593Et07 
7 5 3  1 E +07 
7.457E+07 
7.371 €e07 

7.173EtO7 
7 063E+07 

b.824Et07 
6.698E +07 
6.568€+07 
6 .436€+07 
6.3 O2E t 07 

1.655€+07 

7.642Et07 

7.277E to7 

6.946E +07 

2 

-9991 
09991 
-9991 
m9991 
09991 
e9990 
e9990 
.9989 . 99 89 
.9988 
09987 
9986 

09986 
09985 
99984 
09983 
-9982 
09983 
e9980 
99 80 . 9979 

.9978 

.9978 
09977 
m9976 
-9976 
09975 
.9975 
.9974 
.9974 
09974 
.9974 
.9973 
.9973 
.9973 
.9973 
.9973 
09973 
.9973 
99973 
.9973 

K e  TT = 

GAMMA 

1.4086 
1.4086 
1.4086 
1.4086 
1.4086 

1.4085 
1.4085 
1.4084 
1.4084 
1.4083 
1.4082 
1.4081 
1 .COB0 
1.4079 
1 e4078 
1.4077 
1.4076 
1.4075 
1.4074 
1.4072 
1.4071 
1 e4070 
1.4068 
1.4067 
1.4066 
1.4064 
1.4063 
l e 4 0 6 1  
1.4060 
1.4059 
1 a4057 
1.4056 
1.4055 

1.4052 
1.4051 
1.4050 

1.4047 
1.4046 

1 . 4 0 1 ~  

1.4053 

1.4048 

300 K 

W 
MI SEC 

353 e86 
353.77 
343.50 
353.04 
352.41 
351.60 
350.62 
349.47 
348.16 
346 69 
345.07 
343.31 
341.42 
339.39 
337.25 
334.99 
332 63 
330.17 
327.62 
325.00 
322.30 
319.54 
316.72 
313.84 
310.93 
307.98 
304.99 
301.99 
298.96 
295 m92 
292.87 
289.81 
286.75 
283 70 
280.66 
277.62 
274 60 
271.60 
268.61 
265.65 
262 - 7 1  

P T  = 5 ATM 

P / P T  

1 .oooo 
9982 

-9930 
.9844 
09725 
.9574 
09392 
-9184 
08952 

8697 

e8135 
.7833 
-7521  
-7201  
-6878 
6552 
6227 

e5905 
.5587 
e5276 
04973 
-4678 
.4393 
-4120 
.3857 

3606 
-3367 
e3141 
-2926 
02723 

253 2 
2353 

-2184 

-1879 
1741 
1613 
1494 
1383 

.1280 

. e424 

.2027 

1/11 

1.0000 . 9995 
-9980 
.9955 
-9920 
.9875 
09822 
,9759 

9687 
-9608 
e9520 
-9425 
-93 24 
-9216 
m9102 
-8982 
08858 

8730 
.E598 
8463 

e8325 
08185 

8043 
07899 
.7755 
-7610 
-7465 
.7320 
-7175 
a7031 
-6888 
-6746 
06605 
e6466 
-6329 
e6193 
-6060 
a5929 
.5799 
e5673 
.5548 

DT 5.695 KGM/M3 C C N T I  hUED 

D I D 1  

1.0000 
.9988 
e9951 
.9889 
-9804 
-9696 

9564 
e9413 
9243 

-9056 
08853 
e8635 
8406 
8166 
791 8 

e7663 
-7404 
,7140 
e6875 
6610 

m6346 
06083 
e5824 
o5570 
-5320 
-5076 
.4839 
-4608 
04385 
-4169 
3961 

e3761 
03568 
.3384 
-3208 
3040 

-2879 
2726 

-2580 
2442 

-2311 

A / A *  

I 
11.5767 

5 8144 

2.9597 
2.3996 
2.0331 
1 e7764 
1.5889 
1 e4477 
1.3391 
1.2543 
1.1877 
1.1353 
1.0941 
1.0623 
1.0381 
1 e0206 
1.0089 
1.0022 
1.0000 
1.0020 
1.0079 
1 e0174 
1.0303 
1 m0466 
1.0661 
1 a0887 
1.1145 
1.1434 
1.1755 
1.2107 
1.2492 
1.2910 
1.3362 
1.3849 
1 A 3 7 2  
1 e4932 
1.5530 
1.6168 
1 6847 

3 -9054 

W P I  PT l/ 11 O/OT . & / A i *  ------- RELATIVE 10 I D E A L  GAS VALUES------- 

1 e 0023 
1.0023 
1.0022 
1.0022 
1.0021 
1.0021 
1.0020 
1.0019 
1.0018 
1.0016 
1.0015 
1.0014 
1.0012 
1.0011 
1.0009 
1.0008 
1.0306 
1.0005 
1.0003 
1.0001 
1.0000 

09999 
.9997 
09996 
.9995 
09993 
-9992 
-9991 
-9990 
.9989 
09989 
.9988 . 99 87 

9986 
09986 
.9985 
.9985 
.99 84 
.9984 
09983 
.9983 

1.0000 
1.0300 
1.0000 
1.0000 
1.0000 
1.3300 . 9997 

09996 
09995 
.9994 
09993 

9992 
9991 

,9990 
.9989 
.9988 
05988 
.9987 
.5987 
.9987 . $387 
09988 
.9988 
e9989 
.9989 

9990 
.9991 
.9993 
.9994 
.9995 
09997 
.9998 

1.3000 
1.0001 
1.0003 
1 0004 
1 .0O06 
1.0007 
1.0009 
1.0010 
1.0012 

1 .oooo 
1.3000 
1.0000 
1.0000 

.9999 . 9999 

.9998 

.9998 

.9997 

.9997 
09996 
a9996 
09995 
.9994 
-9994 
.9993 

9992 
09992 
-9991 
e9991 
9990 

m9990 
.9989 
09989 
.9988 
09988 
.9988 
.9988 
.99 87 
.9987 
.9987 
.9987 
09987 
.9987 . 9987 
.9987 
.9987 
.9987 
.9987 
.998t 
-9986 

1.0000 
1.0000 
1 .oooo 
1.9001 
1 .OOOl 
1.0002 
1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.0002 1.0002 

1.0003 
1.0004 
1.0005 
1 m0006 
1.0007 
1.0008 
1.0010 
1.0011 
1 0013 
le0014 
1.0016 
1.0018 
1.0020 
1.0022 
1.0023 
1.0025 
1 a0027 
1.0029 
1.0031 
1 0033 
le0034 
1.0036 1.0038 

1.0039 1.0041 

1.0042 
1.0044 

i . 9987 
.99 87 
09987 
.9987 
.5987 
-9990 
-9991 

9992 
09993 . 9994 
.9995 
09996 
.9997 . 9998 
.9998 
.9999 

1.0000 
1.0000 
1.0000 1.0000 

1.0000 1.0000 

1.0000 
.9999 
.9998 
.9998 . 9997 

9996 
.9995 
.9994 
.9993 

9992 
e9991 
09990 
.9989 
.5988 
e9986 
.9985 
09984 
09983 



TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

i 

MACH 

0.000 
e 0 5 0  
.lo0 
.150 
.zoo 
a250 
,300 
a350 

0450 
e 5 0 0  
e 5 5 0  
e600 

-400 

-650 
e700 
e750 
.a00 
.850  
e900 
-950 

1.000 
1 a050 
1.100 
1 150 
1.200 
1.250 
1.300 
1.350 

1.450 
1 a500 
1.550 
1 e600 
1.651) 
1 e700 
1.750 
1 .eo0 
1.850 
1.900 
1 e950 
2.000 

1.400 

R E Y / M  

0 .  
8 882E t06 
1 771 E t07 
2.642E t07 
3.495Et07 
4.325E to7 
5*129€t07 
5.899Et07 
6.634Et07 
7.330E t07 
7.983Et07 
8.591E to7 
9.152E to7 
9.66bEt07 
1.013Et08 
1.O55E to8 
1.092€+08 
1 -124E tJ8 
1.151 E to8 
1 m174EtO8 
1 193Et08 
1 . toe€ to8 
1.218EtO8 
1.225EtO8 
1.229Et08 
1.229Et08 
1.227Et08 
1.222E to8 
1.214E to8 
1.204Et08 
1.193EtO8 
lel79EtO8 

1.148E to8 
1 130E to8 
l.llZEt08 
1 092Et08 
1 O f 2 E  to8 
1 052E t o 8  
1.031 E to8 
1.00iEt08 

1.164E t08 

2 

-9987 
.9987 
09987 
-9986 
-9986 
.9985 
.9984 
.9983 
-9982 
-9981 
e9980 
.9978 
.9977 
-9976 
.9974 
09973 
-9972 
-9970 
-9969 
.9968 
-9966 
.996 5 
-9964 
-9963 

-9961 
m9962 

m9961 
e9960 
.995 9 
.9959 
.9958 
.9958 
.9957 
09957 
.9957 
09957 
.9957 
09957 
.9957 
.9957 
.9957 

K .  11 * 

GAMMA 

1.4139 
1.4139 
1.4139 
1.4138 
1.4138 
1.4137 

1 e4136 
1.4135 
1.4134 
1.4133 
1.4131 
1.4130 
1.4129 
1.4127 
1.4125 

1.4122 
1.4120 
1.4118 
1.4116 

1.4111 
1.4109 
1.4107 

1.4103 
1.4100 
1.4098 

1.4137 

1.4123 

1.4114 

1.4105 

1.4096 
1.4094 
1.4092 
1.4089 
1.4087 
1.4085 
1.4083 
1.4081 
1.4079 
1.4077 
1.4075 
1.4073 

300 K 

W 
W S E C  

254.37 
354.28 
354.00 
353.54 
352.89 
352.06 
351.06 
349.88 
348.55 
347 05 
345.40 
343 61 
341.68 
339.62 
337.44 
335.15 
332.76 
330.27 
327.69 
325.03 
322.30 
31 9.51 
316 e66 
313.77 
310.83 

304.86 

298.79 
295 -73 

307.86 

301.83 

292.67 
289.60 
286 53 
283 47 
280.42 
277.38 

271.34 
268 35 
265.39 
262 -45 

274.35 

P l  = 8 ATM 

P / P l  

1.0000 
.9983 
9930 
,9844 
9723 
-9571 . s390 
-9182 
.a949 
-8694 
8421 
8131 
a7829 
7516 

-1197 
e6873 
e6548 
6223 

5583 
e5272 
-4969 
e4675 
-439 1 
e4117 
.3855 
3605 
-3366 
-3143 
e2925 
.2723 
a2532 
.2353 
e2185 
2027 
.le80 
1742 
1614 
1495 
1384 
.1281 

-5901 

1/11 

1 .oooo 
.9995 
-9980 
,9955 
9920 
.9875 
a9821 
.9758 
.96 86 
9606 
e9518 
9423 
-9321 
-9212 
,9098 
.e979 
,8854 
-8726 
.a594 
-8458 
e8320 
81 80 

a8038 
.7894 
-7750 
-7605 
07460 
-7315 
-7170 
.-I026 
.6883 
a6741 
-6601 
e6462 
-6324 
-6189 
.bo56 
5924 
.5795 
05669 
,5544 

Dl = 9.116 KGM/N3 CON1 I NUEO 

D/DT 

1.0000 
.9988 
9951 
e9890 
-9803 
e9694 
-9564 
e9413 
-9243 
9056 

.E853 
8636 
8407 
8168 
7920 
-7666 
7406 
7143 
-6879 
6614 
-6350 
-6088 
e5829 
,5575 
5326 

-5082 
.4845 
e4614 
-4391 
-4175 
03967 
-3767 
.35 75 
,3391 
e3215 
3046 
-2886 
2733 
e2587 
2448 
-2317 

A / A *  

I 
11 e5676 
5.8098 
3.9022 
2.9580 
2.3985 
2.0317 
1.7755 
1.5882 
1 a4471 

1 e2540 
1.1875 
1.1351 

1.0622 
1.0381 
1 0206 
1.0089 
1.0022 
1 .oooo 
1 e0021 
1 e0079 
1.0174 
1.0303 
1.0465 
1.0659 
1.0885 
1.1142 
1.1431 
1.1751 
1.2102 
1.2486 
1 2903 
1.3354 
1.3840 
1.4361 
1.4920 
1.5516 
1.6153 
1~~6830 

1.3386 

1.0940 

w P/PT 1/11 O/OT A/A* ---- -RELATIVE TO I D E A L  GAS VALUES----- 

1.0037 
1.0037 
1.0037 
1.0036 
1.0035 
1.0034 
1.0032 
1 0031 
1.0029 
1 0027 
1.0025 
1.0022 
1.0020 
1.0017 
1.0015 
1.0012 
1.0010 
1 0007 
1.0005 
1.0002 
1.0000 
09998 
e9996 
.9993 
9991 
-9990 
.9988 
.99 86 . 99 84 
.99 83 
09982 
9980 
.9979 
.9978 
.9977 
-9976 
09975 
09975 
.9974 . 9973 
e9913 

1.0000 
1.0000 
1 .oooo 
1.0000 
09998 
9996 .. 9995 
9993 

09992 
-9990 
.$988 
09987 
.S985 
09983 
-9982 
-9981 
9980 
e9980 
.9979 
09979 
a9980 
09980 
e9981 
e9982 
.9983 
.9985 
0 9987 . $988 
9991 
.9993 . 9995 
9997 

1.0000 
1 0002 
1*0005 
1.0007 
1.0010 
1.0012 
1.0014 
1.0017 
1.0019 

1.0000 
1.0000 
1 . 0000 
.9999 
09999 
.9998 
.9998 
.9997 
q9996 
09994 
,9994 
09993 
9992 
09991 
-9990 
09989 

.9987 
-9986 
09985 
.9984 
09984 
.99 83 . 99 82 
-9982 . 9981 
.9981 
-9981 
09981 . 9980 
09980 
-9980 

e9980 

-9988 

. 9980 
-9980 
m9980 
9980 
.9979 
.9979 
09979 
.9979 

1.0000 
1.0000 
1.0001 1.0001 

1.0000 1.0000 

1.0001 1 eoooo 

1.0000 

1.0001 
1.0001 
1.0002 
1.0003 
1.0004 
1.0005 
1.0006 
1.0008 
1.0010 
1.0011 
1.0014 
1.0016 
1.0018 
1.0021 
1.0023 
1.0026 
1.0029 
1.0032 
1.0035 
1.0038 
1.0041 
1 0044 
1 0047 
1.0050 
1.0053 
1.0055 
1 e0058 
1.0061 
1.0063 
1 0065 
1 1.0068 0070 

i . 9979 
.9979 . 9979 
9981 
9982 . 9984 . 99 85 . 9987 
.9988 
9990 
09992 
.9993 
.9995 
9996 

.9998 

.9999 
09999 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 . 9999 . 9999 
.9998 
.9997 
,9995 
09994 
e9992 
09991 
.9989 . 9987 
-9986 . 9984 
-9982 
9980 

09979 
.9977 . 9975 
.9974 



0 
0 

TABLE I .  REAL-GAS I S E N T R O P I C  EXPANSIONS OF NITROGEN 

MACH 

0.000 
e050 
.lo0 
150 

.zoo 
-250 
e300 
0350 
-400 
0450 
.so0 
a550 
a600 
-650 
700 
a750 . 800 
.e50 
900 
,950 

1.000 
1.050 
1 .loo 
1.150 
1.200 
1.250 
1.300 
1.350 
1 e400 
1.450 
1.500 
1 e550 
1 600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 

R E V / M  

0. 
1 109Et07 
2.21OEt07 
3.297E t07 
4.362Et07 
5.399Et07 
6.402Et07 
7.364Et07 
8 2 82E 07 
9 150 E +07 
9.966Et07 

1.143E to8 
1.072E to8 

1.207Eti)8 
1.265Et08 
1.317E +08 
1.363Et08 
1.403Et08 

1.466Et08 
1.490€+08 
1.508Et08 
1.521EtO8 
1.530Et08 
1.535Et08 

1.533Et08 

10437Et08 

1.536Et08 

1 527E +08 
1.517Et08 
10505Et08 
1.491 Et08 
1.474E to8 
1.455Et08 
1.435Et08 
1.413€+08 
1.39i)E to8  

1.341Et38 

1.289Et08 

1.366Et08 

1.315Et08 

1.263E *08 

2 

09984 
.9984 
.99 84 
.9983 
.9982 
-9982 
e9981 
09979 
.9978 
09977 
.9975 
09973 
-9972 
.9970 
-9968 
-9966 
-9965 
-9963 
09961 
-9960 
.9958 
.9957 
-9955 
.9954 
.9953 
a9952 
-9951 
09950 
,9949 
.9948 
.9948 
.9947 
.9947 
09946 
.9946 

-9946 

.9946 

09946 

-9946 

-9946 
-9946 

K. T T  = 

GAMMA 

1.4174 
1.4174 
1.4174 
1.4173 
1.4173 
1.4172 
1.4171 
1.4170 
1.4169 
1.4168 
1.4166 
1.4164 
1.4163 

1.4159 
1.4157 
1 a4154 
1.4152 
1.4150 

1.4145 
1.4142 

1.4137 

1.4131 

1.4125 
1.4123 
1.4120 
1.4117 

1.4112 
1.4109 
1.4107 
1.4104 
1.4101 

1.4097 
1.4094 
1 e409 2 

1.4161 

1.4147 

1.4139 

1.4134 

1.4128 

1.4114 

1.4099 

300 K 

Y 
M/ 5 EC 

354.73 
354 63 
354.35 
353.87 
353.22 
352.38 
351.36 
350.17 
348 81 
347 30 
345 63  
343.81 
341.86 
339.78 
337.58 
335.26 
332.84 
330.34 
327.74 
325 06 
322.31 

316.64 
313.72 
310.77 

319.50 

307 -78 
304.77 

298.67 
301.73 

295.61 
292.54 
289.46 

283.32 
280.26 
277.22 
274.19 

268.18 
265.21 
262.27 

286.39 

271.17 

P T  = 10 ATH DT = 11.398 KGM/CU CONT I hU ED 

P / P T  

1.0000 
,9983 
9930 
.9844 
5722 
-9570 . $389 
.9180 
.a947 
8692 
-8418 . 8128 
e7826 
07513 
,7193 

,6544 
- 6 2 2 0  
.5898 
e5581 
5270 
-4967 
-4673 
.4389 
-4116 
.3854 
3603 
3365 
-3139 
2925 
-2723 
e2532 
-2353 
e2185 
2027 
.le80 
-1743 
01615 
149 5 
.13€4 
.1281 

.6870 

T/TT 

1.0000 
.9995 
9980 
.9954 
991 9 
-9874 
-9820 
,9757 
-9685 
09605 
a9517 
09421 
e9319 
-9210 
.9096 
8976 
e8852 
8723 
e8591 
.E455 
08317 
e8177 
8035 
e7891 
-7747 
a7602 
.7457 
e7311 
e7167 
7023 

-6738 
e6598 
a6459 
e6321 
e6186 
e6053 
05922 
.5793 
-5666 
-5542 

-6880 

D/DT 

1.0000 
.9988 
9951 
-9890 
09803 
9694 

e9413 
e9244 . 9057 
.E854 . 8637 
.8408 

.9564 

8169 
e7921 
.7667 
-7408 
.7145 

.66 16 . 6352 

.6091 . 5833 

.5578 

.5329 

.SO86 

.4849 
a4618 
.4395 
-4180 
.3972 
3772 
35 80 
3396 

3051 

02737 
-2591 

-2321 

-6881 

.32 19 

.2890 

.2453 

A/ A* 

I 
11.5614 
5.8067 
3.9001 
2.9565 
2 3974 
2.0309 
1.7746 
1.5875 
1.4465 

1.2536 

1.1348 
1 e0938 

1.3381 

1.1872 

1.0620 
1.0380 
1.0206 
1.0089 
1.0022 
1.0001 
1.0021 
1.0079 
1 a0174 

1 0464 

1.0884 
1.1 141 
1.1428 
1 1748 
1.2099 
1.2482 
1.2699 
1.3349 
1.3833 
1.4354 
1.4911 
1.5507 

1.6819 

1.0303 

1.0658 

1.6143 

w P/PT 1/11 O/OT A / A *  
-I--- RELATIVE TO I D E A L  GAS VALU€S----- 

1.0047 
1.0047 
1.0046 
1 0046 
1.0044 
1.0043 
1.0041 
1.0039 
1.0037 
1 0034 
1.0031 
1.0028 
1.0025 
1.0022 
1.0019 
1.0016 
1.0013 
1.0009 
1.5006 
1.0003 
1.0000 
.9997 
.9995 
-9992 
.99 89 
.9987 
.99 85 
.9983 
-9981 
.9979 
.9977 
9976 

* 9974 
.9973 
-9972 
09970 
-9969 
.9968 

.9967 
e9968 

9966 

1.0000 
1.0000 
1.0000 
1.0000 
09997 
9996 
.9994 
9992 
.9990 
.9988 
-9986 . 9983 
.998 1 
.9980 
.9978 
09977 
.9976 
.9974 
,9974 
.9374 
.93i4 
.9975 
-9976 
.9977 
.9979 
.998l 
.9983 
.9986 
.S988 
e9991 
,9994 
09997 
1.0000 
1.0003 
1.0006 
1.0009 
1.0012 
1.0915 
1.0018 
1.0021 
1.0024 

1 .oooo 
1.0000 
1.0000 
.9999 
09999 
.9498 
.9997 
-9996 
.9995 
.9994 
9992 
09991 
-9990 
09988 
.99 87 
09986 
.9985 . 9983 
-9982 
a9981 
-9980 
-9980 
09979 
.9978 
.9978 
,9977 
.9977 
.9976 
9976 
-9976 
,9975 
.9975 
.9975 
.9975 
.99 75 
.9975 
.9975 
09975 
.9975 
09975 
.9975 

1 1.0000 .a000 

1.0001 
1.0002 
1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0004 
1.0005 
1 0007 
1.0009 
1.0010 
1.0012 
1 m0014 
1.0017 
1.0020 
1 0023 
1.0026 
1.0029 
1.0033 
1.0037 
1.0040 
1 moo44 

1.0051 
1.0055 
1.0059 
1 0062 
1 moo66 
1.0070 
1.0073 
1 0076 
1.0079 1.0082 

1.0085 
1.0088 

1.0048 

i 
.9974 
.9974 
.9973 
9976 
.9978 
.9979 
-9981 . 9983 
.9985 . 9987 
.9989 
-9991 . 9993 
.9995 
9996 
.9998 
.9999 

1.0000 
1.0000 
1.0001 
1.0001 
1.0000 
,9999 . 9998 
.9997 
.9996 
.9994 
.9993 
e9991 
.9989 
.9987 
9984 
e9982 
.9980 
.9978 
-9976 . 9973 
e9971 
-9969 
e9967 



TABLE I .  REAL-GAS ISEkTROPIC EXPAkSIONS OF N I T R O G E N  

K.  T T  = 300 K P T  = 15 ATM OT = 17.158 KGM/M3 CONT I K U E O  

L GAMMA w P/PT T/TT D/OT A/A* W P/PT 
RELATIVE T _---___ M/SEC 

M A C H  

0.000 
e050 
. loo 
-150 
.200 
-250 
a300 
-350 
-400 
e450 
-500 
e550 
-600 
-650 
.700 
-750 
.BOO 

850 
-900 
a950 

1 .ooo 
1.050 
1.100 
10150  
1.200 
1.250 
1 300 
1.350 
1 400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1 .a00 
1.850 
1 e900 
1.950 
z.aao 

REY/M 

0. 
1.657Et07 
3.304E t 0 7  
4.929E +07 
6.521€+07 
8.072 E t 0 7  
9.571Et07 
1.101E +J8 
1.238Et08 
1.368Et08 
1.490Et08 
1.604Et08 

1.804Et08 
1.892E t o 8  
1.970Et08 
2.039E t J 8  
2.099E t o 8  
2.151E +38 
2.194E t o 8  
2.223E t o 8  
2.257€+08 
2.278Et08 

2.299Et08 

1.708Et08 

2.291Et08 

2.30JEtOR 
2.297Et06 
2.288EtCJ8 
2 274E t o 8  
2.257Et08 
2.235€ t o 8  
2.211 E t o 8  
2.183E t o 8  
2.153Et08 
2.121E +08 
2.687€*08 
2.051 E t o 8  
2 014E t o 8  
1.976E t 3 8  
1.937Et08 
1.847E + O B  

.9978 

.9978 

.9977 
e9976 
.9975 
.9974 
-9972 
e9970 
-9968 
-9966 
-9964 
-9961 
.9959 
.9956 
09953 
,9950 
.9948 
.9945 
.9943 
.9940 
.9938 
.9935 
,9933 
e9931 
.9929 

-9926 
e9928 

-9925 
e9923 
-9922 
-9921 
-9920 
-9920 
-9919 

-99  19 

-9938 
,9918 
-9919 
.9919 

e9919 

-9918 

1.4262 

1.4261 

1.4260 

1.4257 

1.4254 
1.4252 

1.4247 

1.4242 
1.4239 
1.4235 

1.4261 

1.4261 

1.4259 

1.4256 

1.4250 

1.4245 

1.4232 
1.4229 
1.4225 
1.4221 
1.4217 
1.4214 
1.4210 
1.4206 
1.4201 
1.4197 
1.4193 
1.4189 
1.4185 

1 a4177 
1.4181 

1.4173 
1.4169 
1.4165 

1.4157 

1.4149 
1.4146 

1.4139 

1.4161 

1.4153 

1.4142 

355.65 
355.55 
355.25 
354 -76 
354.08 

352.15 
353.21 

350.92 
349.52 
347.55 
346 -22 
344.35 
342 -34  
340.20 
337.94 
335.57 
333.09 
330.52 

325.13 
322.34 
319.48 
316.57 

310.62 
307.59 
304.54 

290.39 
2S5.30 
292.22 
289.12 

282.95 
279.88 
276.82 
273.78 

267.76 
264.79 

327.06 

313.61 

3131.48 

286.03 

270.76 

261.84 

1.3003 
.9983 
.9933 
-9842 
972 1 

.9568 
,9386 

9176 
,8942 

8606 
,841 2 . e121 
e7810 
-7505 
e7185 
.be62 
.6536 
.6212 
.5893 
.5573 
,5263 
-4961 
.46 67 
.4384 
-4111 
.3850 
-3600 
-3363 
e3137 
2924 

-2722 
.2532 
-2353 
.2185 

2028 
.1881 

1744 
-1616 

1497 
1386 

. u a 3  

1.0300 
.9995 
.9980 
.9954 
,9919 
.9873 
-9819 
.s755 
,9682 
.9602 
e9513 
.9417 
-9314 
-9205 
-9090 
-8970 
.8845 
-8716 
.a583 
.a448 
.e309 
e8169 
-8026 
.7883 
,7738 
.7593 
.7448 
e7303 
-7159 

.t872 
-6730 
.6590 
-6451 

-6179 

-5915 
a5786 
-5660 
.5535 

7015 

6314 

6046 

1.0303 
,9988 
-9951 
-9888 
- 9  803 

-9565 
9414 

.9 244 
.9557 
-0855 
.E639 
-8410 
- 8 1  71 
.7924 
-7671 

.7150 

9695 

-7412 

e6887 
-6623 
.6360 
-6099 
.5841 
-5567 
,5339 
-5096 
.4859 
-4629 
,4407 
e4191 
.3984 
.3784 
-35 92 
,3407 
e3231 
.3063 

.2748 

-2463 
.2331 

2902 

2602 

I 
11 -5460 
5.7989 
3.8956 
2.9529 
2.3946 
2.0287 
1.7729 
1.5861 
1.4454 
1.3373 
1.2529 
1.1866 
1.1344 
1.0935 
1.0618 
1.0379 
1.0205 
1.0088 
1.0021 
1.0009 
1.0020 
1.0078 
1.0173 
1.0301 
1.0462 
1.0655 
1.0880 
1.1135 
1 1422 
1.1741 
1.2091 
1.2472 
1.2887 

1.3818 
1.4336 
1.4891 

1.3335 

1 5484 
1 e6 117 
1.6791 

1.0073 
1.0073 
1.0072 
1.0071 
1.0069 
1 0066 
1.0064 
1.0060 
1 0057 
1.0053 

1.0044 
1 0039 
1.0035 
1.0030 
1.0025 
1.0020 
1.0015 
1.0010 
1.0006 
1.0001 

.9997 

.9993 

.9989 
,9985 
-9981 
.9978 
.9974 

9971 
-9969 
,9966 
.9964 

9962 
,9960 
.9958 

9956 
.9954 
.9953 
e9952 

995 1 
09950 

1.0049 

1 .0001) 
1.0000 
1. IJ00 

.9997 

.9996 

.9993 
9991 

.9988 
9985 

,9981 
.9 378 . s975 
-9972 
-9969 
-9967 
.9945 
e9963 
.9962 

-9962 

.9964 

.9965 
-9967 
.9370 
.9973 
-9976 
.9980 
.9984 
.9388 
-9991 
.s995 

1.0000 
1.0105 
1.0009 

-9962 

-9962 

1.0014 
1.0019 
1.0023 
1.0028 
1.0032 
1.0036 

T/TT 
0 IDEAL 

1.0000 
1.0000 

.9999 

.9999 

.9998 
9991 

.9995 

.9994 
9992 

09990 
.9988 
.9987 
.9985 
.9983 
-9981 
.99 79 
.9971 
.9975 
.9974 
,9972 

9971 
-9970 
-9969 
e9968 

9967 
e9966 

9966 
09965 

a9964 

9964 
9 964 

-9964 

e9963 
9963 

-9963 
9963 
9963 

-9965 

,9964 

-9964 

-9963 

O/OT A/A* 
GAS VALUES------- 

1.0000 i 
1.0000 ,9960 
1.0001 a9960 
1.0000 -9962 
1.0000 -9964 
1.0000 e9966 
1.0001 -9969 
1.0001 e9971 
1.0002 .9974 
1.0003 e9978 
1.0004 e9981 
1.0005 e9984 
1.0007 e9987 
1.0009 .9990 
1.0011 e9992 
1.0013 -5995 
1.0016 e9996 
1.0020 .9998 
1.0023 e9999 
1.0027 1.0000 
1.0032 1.0000 
1.0036 1 .OOOO 
1.0041 a9999 
1.0046 e9998 
1.0052 -9997 
1.0057 e9995 
1.0063 -9993 
1.0068 e9990 
1.0074 -9988 
1.0080 .9985 
1.0084 e9983 
1.0089 09980 
1.0095 e9977 
1.0100 .9973 
1.0106 e9970 
1.0111 e9967 
1.0116 -9964 
1.0120 -9960 
1.0125 -9957 
1.0129 e9954 
1.0133 -9951 



TABLE I .  REAL-GAS ISENTROPIC EXPANSIONS OF NITROGEN 

MACH 

0.000 
,050 
. loo 
,150 
0200 

250 
0300 
e350 
e400 
-450 
-500 
.550 
0600 
e650 
0700 
e750 
.eo0 
-850  
a900 
-950  

1 .ooo 
1.050 
1.100 
1.150 
1 .too 
1.250 
1.300 
1.350 
1.400 
1.450 
1.500 
1.550 
1 600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 

R E I / M  

0. 
2.203EtO7 
4.393Et07 
6 552 E +07 
8.669Et07 
1.073Et08 
1.272€+08 
1.46 3E to8 
1.646Et08 
1.818Et08 
1 980E to8 
2.132€+08 
2.271 E to8 
2.399Et08 
2.515€+08 
2 619E 608 
2.711 Et08 
2.791E +08 
2.860E to8 
2.918Et08 
2.965E to8 
3.002Et08 
3.03JEt08 
3.049Et08 
3.060Et08 
3.063 E N 8  
3.058Et08 
3.047E +08 
3.03 OE t 08 
3.007E to8 
2.9806 +08 
2.947€*08 
2.911 E +08 
2.872€+08 
2.830 E to8 
2.785Et08 
2.738EtO8 
2.689Et08 
2 06396 to8 
2.507€+08 
2.535E to8 

2 

.9973 
-9972 
-9972 
.9971 
e9969 

09965 
-9963 
e9960 
.9957 
.9953 
e9950 
09946 
.9943 
09939 
.9935 
09931 
e9928 
-9924 
.9921 
e9917 
09914 
e9911 
09908 
e9906 
09904 
e9901 
.9899 
.9898 
-9896 
.9895 
09894 
09893 
-9892 
09891 
-989 1 
09891 
-9891 
09891 
-9891 
09891 

-9967 

K. T T  = 

GAMMA 

1.4349 
1.4349 
1.4349 
1.4348 
1.4347 
1.4345 
1.4343 
1.4341 
1.4339 
1.4336 
1.4333 
1.4330 
1.4327 
1.4323 
1.4319 
1.4315 
1.4310 
1.4306 
1.4301 
1 e4296 
1.4291 
1.4286 
1.4281 
1.4275 
1.4270 
1.4265 
1.4259 
1.4254 
1 04248 
1.4243 
1 m4237 
1.4232 
1.4226 
1.4221 
1.4216 
1.4211 
1.4206 
1.4201 
1.4196 
1.4191 
1.4187 

300 K 

W 
M / S E C  

356.62 
356.52 
356.21 
355.70 
354.99 
354.09 
353.00 
351.72 
350.27 
348.64 
346 86 
344.93 
342.86 
340.66 
338.34 
335.90 
333.36 
330.73 
328.02 
325 24 
322.39 
319.48 
316.52 
313. 52 
310.49 
307.43 
304 34 
301.24 
298 13 
295.01 
291.89 
288.78 
285 e67 
282.57 
279.49 
276.42 
273.37 
270.34 
267.33 
264.35 
261.40 

PT = 20 ATM OT = 22.823 KGM/M3 CONTI  NUEO 

I?/PT 

1 .oooo . 9983 
-9930 

9841 
97 19 

-9566 
a9303 
,9173 
.E938 

8681 
8405 
8114 

.7811 

.7497 
07177 
.6853 
06528 
a6204 
-5881  
-5565 -. 5255 
.4953 
-4661  
04378 
.4107 . 3847 
.3598 
03361 
e3136 

2923 
-2721 

2532 
-2353 
-2186 

2029 
.1882 

1745 
-1617 

1498 
1308 . 1285 

T /TT  

1 .oooo 
09995 
09979 . 9954 
-9918. 
-9872 
09817 
.9753 
09680 
09598 
e9509 

941 3 
-9309 
-9200 
09084 
a8964 
08838 
08709 
08576 
08440 
-8301 
-8161 
.a018 
07875 
e7730 
07585 
07440 
07295 
-7151 
-7007 
-6864 
-6723 
06583 
06444 
m6307 
06172 
06039 
05908 
-5780 
05653 
-5529 

D/OT 

1. 0000 
.9988 
-9952 
09889 
e9803 
e9695 

9565 
a9414 
m9245 
9059 

-8856 
8640 
8412 

-8174 
e7928 

7417 
e7156 
06891 
e6628 
-6366 
m6106 
.5 849 
,5596 
.5349 

5106 
a4870 
4641 

m4418 
,4203 
-3996 
-3796 
3604 
.3420 
3243 

m3075 
2914 

02760 
02614 

2475 
-2343 

.7675 

A f A *  

I 
11.5264 
5.7891 
3 .E897 
2.9485 
2 m3913 
2.0261 
1.7708 
1.5844 
1.4440 
1.3361 
1.2520 
1.1859 
1.1338 
1.0930 
1 a0614 
1.0375 
1.0202 
1.0087 
1.0021 
1 .oooo 
1.0020 
1.0078 
1.0172 
1.0298 
1.0458 
1.0650 
1 0874 
1.1128 
1.1414 
1 1730 
1.2078 
1.2458 
1.2871 
1.3317 
1.3798 
1.4313 
1.4866 
1.5457 
1 A 0 8 7  
1.6757 

W P/PT T/TT D/DT A / A *  ------- RELATIVE TO IOEAL GAS VALUES------- 

1.0101 
1.0101 
1.0099 
1.0097 
1.0095 
1.0092 
1.0088 
1.0083 
1.0078 
1.0073 
1.0067 

1 0055 

1.0042 
1.0035 
1.0028 
1.0022 
1.0015 
1.0009 
1.0003 

.9997 

.9991 
-9986 
.9980 
09976 

997 1 
09967 

99 63 
m9959 
.9955 
-9952 
.9949 
.9947 
.9944 

9942 
09940 

09936 
.9935 
09933 

1.0061 

1.0048 

.993a 

1.0000 
1. 0000 
1.0000 

09991 
.9994 
.9991 
.9987 
.9983 
.5979 
09975 
e9971 
s9966 

9962 
.995 9 
-9956 
.9953 
09951 
-9950 
09947 
.9947 
.9948 
.9949 

995 1 
.9954 
a9960 
09964 

9968 
09973 
.9379 
09984 

9990 
-9996 

1 0003 
1.0009 
1 . 0015 
1.0022 
1.0028 
1 0034 
1.0040 
1.0046 
1.0012 

1.0000 1.0000 

.9999 
09998 
0.9997 

9996 
09994 

9992 
9990 

09987 
.9985 
09982 
09919 

09974 
9972 

e9970 
9967 

09965 
a9963 
9962 

09960 
.9959 
09958 
09957 
09956 
.9955 
09954 . 9954 
09953 . 9953 . 9953 . 9953 . 9953 
,9953 
09953 
09953 
0 9953 
.9953 
09953 
09952 

-9977 

1.0000 
1.0000 
1.0002 
1.0000 
1 1.0001 .oooo 

1.0001 
1.0002 
1 0003 
1.0004 
1 0005 
1.0007 
1 moo09 
1.0012 
1.0015 
1.0019 
1.0023 
1 0027 
1.0030 
1.0036 
1.0042 
1.0048 
1.0054 
1 .00b1 
1.0070 
1.0078 
1.0085 
1.0093 
1.0101 
1.0108 
1.0116 
1.0124 
1.0131 
1.0138 
1.0152 1 e0146 

1.0159 
1.0165 
1.0172 
1.0177 
1.0183 

I . 9944 
.9944 . 9947 
.9949 

9952 
.9956 
.9960 
e9964 
0 9968 
m9972 

,09916 
e9980 
.9984 
-9988 
.9991 
.9993 
.9995 . 9999 

1.0000 
1.0000 
1 .oooo 

.9999 

.9997 

.9993 
9991 

.9988 . 9985 
e9981 . 9978 
.9973 

9969 
m9965 

9960 
09956 
-9951 
,9947 . 9943 . 9938 . 9934 

9930 



TA8LE 1. REAL-GAS ISENTROPlC EXPANSIONS OF NITROGEN 

MACH 

0.000 
.os0 
. loo 
-150 
.200 
-250 
0300 
-350 
0400 
e450 
e500 
,550 
-600 
e650 
-700 
0750 
.BOO 
850 

,900 
0950 

1.000 
1 .Of0 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1 400 
1 A 5 0  
1.500 
1.s50 
1.600 
1.650 
1.700 
1.750 
1 .eo0 
1.850 
1.900 
1.950 
2.000 

REY/H 

0. 
2.747€+07 

8 167E +O 7 
1.080€+08 
1 337E to8 
1.586EtO8 
1 824E +08 
2.051E to8 
2 266E*08 
2 046 BE +O 8 
2.656€+08 
2.830E+08 
2.989Et08 
3 134E +08 
3.263E to8 
3 378E to8 
3.479Et08 
3.565€+08 
3.638€+08 
3.690E e08 
3 745E+08 
3.780Et08 
3 805E +08 
3.81 8E408 
3.822E to8 
3.817€+08 
3.804EtO8 
3 7 84E to8 
3.756€+08 
30722Et08 
30683Et08 
3.639E*08 
3.590E*08 
3.5386+08 
3.483E +08 
3.425E e08 
3 0364E +08 
3.302€+08 
3.238E +08 
30173Et08 

5 .475~+07 

2 

e9969 
09968 
-9967 

e9964 
-9962 
.9959 
a9956 
-9952 
,9948 
.9944 
.9939 
09935 
,9930 
09925 
m9920 
e9935 
09911 
-9906 
09902 
.9897 
09893 
09890 
09886 
.9883 
-9880 
-9077 
.9874 
09872 
a9870 
09868 
-9867 
-9866 
m9865 
-9864 
09863 
9863 

09863 
e9863 
09863 
~ 9 8 6 3  

-9966 

K. T f  = 

GAMMA 

1.4437 
1.4436 
1.4436 
1.4435 

1.4432 
1.4430 
1.4427 
1.4424 
1.4421 
1.4417 
1.4413 

1.4433 

1.4409 
1.4404 
1.4400 
1.4394 
1.4389 
1.4383 
1.4378 
1.4372 
1.436 5 
1.4359 
1 A 3 5 3  
1.4346 
1 A 3 3 9  
1.4333 
1.4326 
1.4319 
1.4312 
1.4305 
1.4299 
1.4292 
1.4285 
1.4279 
3.4272 
1.4266 

1.4253 
1 A 2 4 7  
1.4241 
1.4236 

1.4260 

300 K 

w 
W S E C  

357.66 
357.55 
357.23 
356.70 
355.97 
355.03 
353.89 
352.57 
351.06 
349.39 
347.55 
345.55 
343.42 
341.15 
338.77 
336.27 
333 67 
330.98 

325.36 

319.50 

328.21 

322.46 

316.49 
313.45 

3C7.27 
304.15 
301.02 
297.88 
294.74 

310.37 

291 59 
288 e 4 6  
285.33 
282.21 
279.11 
276.03 

269.93 
266 92 
263.93 
260.98 

272.97 

PT = 25 ATM 

P / P T  

1.0000 
.9983 
-9928 
.9843 
e9718 . 5564 
e9380 
9169 

.a933 
.8675 
.a399 
-8105 

7801 
.7487 
.7167 
e6843 
-6518 
a6194 
e5873 . 5557 
.5248 
.4947 
.*655 
m4373 
-4102 
- 3 8 4 2  
.3594 
.3357 
e3133 
-2921 

2720 
e2531 
2353 

.a2186 
-2029 

1883 
1746 
1619 

.1500 
1389 
1286 

T / T T  

1 .oooo 
09995 
.9979 . 9953 
m9911 
m9871 
-9816 
09751 
e9677 
.9595 
-9506 
.9408 
09304 
.9194 
-9078 
.a957 
8832 

08’102 
-8569 . 8433 
,8294 
e8153 
.a011 
07867 
-7722 
-7517 
e1432 

-7143 
*7000 
06857 
e6716 
65 16 

e6437 
06300 
m6166 
e6033 
05902 
.5774 
05647 
-5524 

.72a8 

DT = 28.540 KGM/M3 CON1 I NUEO 

O/OT 

1.0000 
.9988 
.9950 
.9889 
.9 803 
.9695 

-9415 
9246 

.9060 
.8858 
e8641 

8413 
-8175 

e9565 

.7929 

.7677 

.1420 

-6897 
.6634 
.6373 
6113 

.5857 
m5605 
.5358 
e5116 
.4880 
-4651 

.4214 . 4007 

.3616 

.3255 

.7159 

a4429 

a3808 

3432 

.3087 
2925 
2772 

a2625 
2486 

m235.3 

b/A* 

1 
11.5086 

5.7813 
3.8840 
2.9444 
2.3881 
2.0236 
1 e7688 
1.5827 
1 a4427 
1.3350 
1.2514 
1.1855 
1.1336 

1.0614 

1 0203 
1.0087 
1.0021 
1 .oooo 
1.0020 
1.0078 
1.0171 
1.0298 

1.0650 

1.1126 
1.1410 
1.1725 
1 m2071 
1.2450 
1.2860 
1 e3304 
1.3783 
1.4297 
1.4847 
1.5435 
1.6062 
1.6730 

1.0929 

1.0376 

1 -045 8 

1.0872 

w P/PT T/ TT O/OT A/A* ------- R E L A T I V E  TO IOEAL GAS VALUES------ 

1.0130 
1.0130 
1.0128 
1.0126 
1.0123 
1.0118 
1.0113 
1.0108 
1.0101 
1.0094 
1 0087 

1.0071 
1.0063 
1.0054 

1.0079 

1.0046 
1.0037 
1 0029 
1.0021 
1.0013 
1.0005 
.9997 
.9990 
.99 83 
.9977 
-9971 

9965 
.9959 
.9954 
-9950 
09945 
e9941 
09937 
,9934 

9931 
9928 

-9925 
-9923 
e 9921 
99 19 
9917 

i.aooo 
1.0000 

.9998 
09996 
.9993 . 9989 
-99 84 
.9979 
.9974 
as968 
9963 

.9955 
-9950 
.9945 
e9941 

993 8 
.9935 
.9934 . 993 3 
.9933 
.9934 
09936 
.9938 
09342 
9946 

09952 
.9957 
09964 
-9970 
.9978 
.9985 
.9993 

1.OJOl 
1.0009 
1.0317 
1 0025 
1.0033 
1.0041 
1.0049 
1.0056 
1.0063 

1.0000 
1.0000 

.9999 
09998 
-9996 
09995 
e9992 
-9990 
.9987 
.9984 
e9981 
.9978 
09974 
.9971 
09968 
e9965 
.9962 
.9959 
09957 
.9955 
09953 
-9951 
.9949 
09948 
.9946 
09945 
.9944 . 9944 
.9943 
.9943 
.9943 
9942 

09942 
e9942 

09942 
9942 

e9942 
9942 

09942 
-9942 

-9942 

1.0000 
1.0001 
1.0000 
1.0000 
1.0001 
1.0001 
1.0002 
I .  0002 
1 a0004 
1.0005 
1.0007 
1 0007 
1.0010 
1.0013 
1.0017 
1.0021 
1.0032 1.0027 

1.0039 
1.0045 
1.0053 
1.0061 
1 0069 
1.0078 
1 0087 
1.0096 
1.0106 
1.0116 
1.0125 
1.0135 
1.0145 
1.0155 
1.0164 
1 e0173 
1.0182 
1.0191 
1.0200 
1.0208 
1.0215 
1.0223 
1 0230 

r 
e9929 
.9930 
09933 
.9936 . 9939 
.9944 
.!I948 
.9953 
.9959 
e9964 
.9972 . 9977 
.9982 
9987 

-9991 . 9994 
.9997 

1.0000 .9999 

1.0000 
1.0000 

.9999 

.9997 
.9994 
09991 
,9988 
.9983 
.9979 
.9974 
-99 69 
-9963 
-9958 
e9952 
.9947 

9941 
.9935 
,9930 
m9924 

9919 
e9914 



MACH 

0.300 
a050 
. loo 
-150 
.zoo 
- 2 5 0  
e300 
a350 
-400 
0450 
.so0 
-550 
600 

.650 
,700 
-750 
.eo0 
.a50 
.900 
-950 

1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 

1.450 
1.400 

1.500 
1.550 
1.600 
l e t 5 0  
1 e700 
1.750 
1.800 
1 e850 
1 900 
1.950 
2.309 

R E Y / M  

0. 
3.287Et07 
6.552E t o 7  
9.774Et07 
1.293E t38  

1.89 8E t o 8  
1.601E+08 

2.183Et08 

2.712Et08 
2.953Et08 
3.178EtOB 
3.387E to8  
3.577Et38 
3 e750Et08 
3.906Et08 

4.164Et08 

4.355E t o 8  

4.485Et08 
4.528E t o 8  
4.557Et08 
4.575Et58 
4.580Et08 
4.575Et08 
4.560E to8 
4.537Et08 
4.504Et08 
4.465Ee08 

2.455Et08 

4.043 E t o 8  

4 26 8 E t o 8  

4.427E t 3 8  

4.419Et08 
4.367Et08 
4.313E t o 8  
4.248Et08 
4.182E to8 
4.114€*08 
4.042E t o 8  
3 96 8E t o 8  
3.892Et08 
3.815Et08 

7 

K. TT = 

2 GAMMA 

-9966 1.4524 
e9965 1.4524 
09964 1.4523 
e9963 1.4522 

-9957 1.4518 
e9954 1.4516 
-9950 1.4513 

e9940 1.4505 
.9935 1.4501 
e9929 1.4497 
a9924 1.4492 

-9963 1.4520 

-9945 1.4509 

-9918 1.4486 
-9912 1.4481 
-9906 1.4475 

-9894 1.4462 
-9900 1.4468 

09889 1.4455 
. 9 m 3  1.4448 
e9878 1.4440 

-9866 1.4425 
-9873 1.4433 

.gab4 1.4417 
,9860 1.4409 
e9656 1.4401 
-9852 1.4393 
09849 1.4385 
-9846 1.4377 

-9842 1.4361 
09844 1.4369 

e9840 1.4353 
e9838 1.4345 
.9837 1.4337 
-9836 1.4330 
-9835 1.4322 
-9835 1.4314 
-9835 1.4307 
-9835 1.4300 
-9835 1.4293 
-9835 1.4286 

‘ABLE I .  REAL-GAS I S E N T R O P I C  EXPANSIONS OF NITROGEN 

CONCL UOED 300 K P l  = 30 ATM D T  = 34.258 KGM/M3 

W P / P T  T/TT D/DT &/A* W P /PT  T/TT O/OT A / A *  
n/ s EC ------- RELATIVE TO IOEAL GAS VALUES---- 

358.75 
358.64 
358.31 
357 -76 
356.99 
356.02 
354.84 
35 3.47 
351.91 
350.17 
348.27 
346.22 
344.02 
341.69 
339.23 
336.67 
334 .oo 
331.25 
328.42 
325.52 
322.55 
319.54 
316.49 
313.40 
3 L O .  28 
307.14 
303.98 
300.81 
297.64 

291.30 
294.47 

288.14 
285.00 
281.86 
278.75 
275.65 

269.53 

263.52 

272 -58 

266.51 

260.56 

1.0000 
.9983 
9928 

.9839 . ’3716 
956 1 . s377 

-9164 
-8928 
-8667 
.a390 

8097 
.7793 
.7478 
-7158 
-6834 
-6509 
- 6 1 8 5  
-5864 
.5549 
m5240 
-4940 
464 9 

-4367 

.3838 

.3593 

.3355 
-3131  

2919 

.4as7 

-2719 
e2531 
-2353 

2030 

-1747 
-1620 
a1501 
-1391 . 1288 

-2186 

.1884 

1.0000 
.9995 
.9979 
.9953 
09916 
.9870 
-9814 
.9749 
-9675 
e9592 
-9502 
9404 

-9300 
m9189 
-9073 
-8951 
e8825 
-8695 

8562 
-8425 
08286 
-8145 
0 8 0 0 3  
.7859 
-7715 
-7590 
-7425 

-7136 

-6850 

-7280 

06992 

-6709 
-6569 
-6431 
e6294 

.6027 
-5896 
-5768 

05518 

-6160 

-5642 

1.0000 
.9988 
9950 

.9889 
.9804 

9695 
-9566 
- 9 4  16 
-9247 
-9059 
.a857 

8642 
-8415 
m8178 

7932 
-7681 

7424 
-7164 

6903 
-6641  

6380 
.6122 
5866 

-5615 
-5368 
-5127 
-4891 
e4663 
-4441 
4227 

3820 
36 29 

.3444 
-3268 
.3399 
-2938 
-2784 

-2498 

-4020 

,2637 

2365 

I 
11 -4903 
5.7723 

2.9402 
2 e3849 
2.0210 
1.7667 
1.5811 
1 e4417 
1.3344 
1.2507 
1.1849 
1.1332 
1.0926 
1.0612 

1.0203 
1.0087 
1.0021 
1.0000 
1.0020 
1.0078 
1.0171 
1 0297 

3.8781 

1.0375 

1.0456 
1.0647 
1.0868 
1.1121 
1 1403 
1.1717 
1.2062 
1.2438 
1.2847 
1.3289 

1.4277 
1.3765 

1.4824 
1.5410 
1.6034 
1.6699 

1.0161 
1.0161 
1.0159 
1.0156 
1.0152 
1.0147 

1.0133 
1.0140 

1.0126 
1.0117 
1.0108 
1.0098 
1.0089 
1.0078 
1.0068 
1.0058 

1.0037 
1.0047 

1.0027 
1.0017 
1.0008 

.9999 
-9990 
-9982 
.9974 

9966 
.9959 
.9953 
-9  946 
-9941 
.9995 
e9930 
-9926 
-9922 
e9918 
-99 14 
-9911 

9906 
-9903 
e9901 

-9908 

1.0000 
1.0000 

09998 
.9995 
09991 

9986 
9981 

.9975 
-9968 
.9959 
e9952 
09946 
.9939 
.993 3 
a9928 
-9924 
-9921  
m9919 
-9918 
a9918 
e9919 

9922 
09925 
.S930 
.9935 

9941 
.9948 
9956 

e 9964 
.9973 
.9982 
-9991  

1.0001 
1.0011 
1.0021 
1.0031 
1.0040 
1.0050 
1.0059 
1 1.0068 0071 

1.0000 
1.0000 

-9999 
9998 
99 96 

.9993 
09991 
.9988 

-9981 
.9977 
09973 

9969 
09966 
.9962 
.9958 
.9955 
-9952 
.9949 

9946 
.9944 
9941 

09940 
.9938 
-9936 
.9935 
.9934 
.9934 
.9933 
.9933 

9932 
m9932 

9932 
09932 
e9932 
09932 
-9932 
-9932 
.9933 
-9933 
09933 

:9984 

1 .oooo 
1 . 0001 
1 1.0000 .oooo 

1.0001 
1.0001 
1.0002 
1 e 0 0 0 3  
1.0005 
1 e0004 
1.0006 
1.0009 
1.0012 
1.0016 
1.0021 
1.0026 
1.0032 
1.0039 
1.0047 
1.0055 
1 moo64 
1 0074 
1.0084 
1 0095 
1.0106 
1.0118 
1.0129 
1.0141 
1.0153 
1.0165 
1.0177 
1.0188 
1.0200 
1.0211 
1.0222 
1-0233 
1.0243 
1.0253 
1.0263 
1.0272 
1.0280 

1 
e9913 
09915 
.9918 
e9921 
e9926 

9931 
.9937 
.9943 
-9952 . 9959 

9965 
-9972 . 9978 
.9984 
-9989 
.9993 
-9996 
.9998 

1.0000 
1 .moo 
1.0000 

09998 
09996 
.9993 
.9989 
.9985 

9980 
.9974 
09968 
-9  962 
e9956 
.9949 
9942 

.9935 
9928 

09921 
9915 

e9908 - $902 
e9896 



TABLE K E Y  

T a b l e  number  
I1 

Each t a b l e  a c c o u n t s  f o r  a c e r t a i n  s t a g n a t i o n  t e m p e r a t u r e  
a n d  is  s u b d i v i d e d  ( b y  l e t t e r )  f o r  v a r i o u s  v a l u e s  of  s t a g n a t i o n  
p r e s s u r e .  L i s t s  of t h e  t a b l e - t e m p e r a t u r e  a n d  l e t t e r - p r e s s u r e  
c o r r e s p o n d e n c e  a r e  as  f o l l o w s :  

T t Y l ,  K 
100 

L e t t e r  s u b d i v i s . i o n  
A 
B 
C 
D 
E 
F 
G 

I11 
IV 
V 
VI 
VI1 
VI11 
IX 
X 
XI 

p t ,  , atm 
1 

3 
5 
8 

10 
20  
30 

1 1 0  
120 

130 
140 
150 
175 
2 0 0  
250 
300 

These t a b l e s  were c o m p i l e d  by  s e l e c t i n g  s t a g n a t i o n  p r e s s u r e  
a n d  t e m p e r a t u r e  a n d  i n c r e m e n t i n g  t h e  u p s t r e a m  Mach number  by 
0 .05  from 1 . 0  t o  3.0.  If t h e  free-stream s a t u r a t i o n  b o u n d a r y  
was reached o r  t h e  t e m p e r a t u r e  d r o p p e d  b e l o w  t h e  t r i p l e  p o i n t  
t e m p e r a t u r e ,  t h e  s o l u t i o n s  were t e r m i n a t e d  b e f o r e  r e a c h i n g  t h e  
maximum Mach number  o f  3 . 0 .  F o r  each s u b d i v i s i o n  o f  a t a b l e ,  

there  a re  two pages o f  i n f o r m a t i o n .  The f i rs t  p a g e  shows each 
o f  t h e  d o w n s t r e a m  f l o w  parameters i n  d i m e n s i o n a l  form a s  wel l  as  
i t s  v a l u e  r e l a t i v e  t o  i t s  u p s t r e a m  v a l u e .  The s e c o n d  page shows 
t h e  r a t i o  o f  each r e l a t i v e  parameter t o  t h e  c o r r e s p o n d i n g  v a l u e  
for a n  i d e a l  d i a t o m i c  g a s .  
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TABLE NOMENCLATURE 

D1 s t a t i c  d e n s i t y  u p s t r e a m  of  shock  

D2 s t a t i c  d e n s i t y  downst ream o f  s h o c k  

DT 1 s t a g n a t i o n  d e n s i t y  u p s t r e a m  o f  s h o c k  

DT2/DT1 r a t i o  o f  downst ream s t a g n a t i o n  d e n s i t y  t o  u p s t r e a m  
s t a g n a t i o n  d e n s i t y  

K G M / M 3  k i l o g r a m s  p e r  c u b i c  meter 

M1 u p s t r e a m  Mach number 

M2 downst ream Mach number 

P2 downst ream s t a t i c  p r e s s u r e  

P2/P 1 r a t i o  of downst ream s t a t i c  p r e s s u r e  t o  u p s t r e a m  
s t a t i c  p r e s s u r e  

PT 1 u p s t r e a m  s t a g n a t i o n  p r e s s u r e  

PT2 downst ream s t a g n a t i o n  p r e s s u r e  

T2 downst ream s t a t i c  t e m p e r a t u r e  

T2/T 1 r a t i o  of  u p s t r e a m  s t a t i c  t e m p e r a t u r e  t o  downst ream 
s t a t i c  t e m p e r a t u r e  
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TT 1 

TT2 

upstream stagnation temperature 

downstream stagnation temperature 
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M l  

1.00 
1 .05  
1.10 
1.15 
1.20 
1 e25 
1.30 
1.35 
1 . 4 0  
1.45 
1 a50 
1.55 

n2. . 

1.0000 
-9530 
,9116 
.a749 
.8418 
e8124 
.785? 
.7615 
.7395 
e 7 1 9 i  
~ 7 0 0 9  
e6839 

P2 
ATH 

- 5 2 8 9  
e 5 5 8 1  

e6061 
6248 

e6401 
e6521 
,6609 
e6667 
e6697 

6701 
e6680 

.583n 

TABLE 11. 4EAL-GAS NORMAL-SHOCK S O L U l I O N S  FOQ NITROGEN kT  T T l  100 K 

T 2  
K 

83.27 
84.57 
85.69 
86.67 

08.28 
88.94 

90.04 
90.50 
90.91 
91.28 

87.53 

19.52 

A ,  P l l  

0 2  
K G H l H 3  

2.203 
2.29r 
2 1 6 9  
2 . 4 3 2  
2.482 
7.522 
2.550 
E.567 
2 . 5 7 4  
2.572 
2.551. 
2.542 

1 . 0 0 0 1  
.9999 

9990 
9367 
9926 
9 9 1 1  

.9794 

.9677 
- 9 5 9 2  
. 9 4 4 8  
.9’97 

9130 

D T l  = 3 . 4 8 . 3  K G W H 3  

T T 2  P 2 / P l  T E l T l  0 2 / 0 1  
K 

00.00  
00.00 
0 0 . 0 0  
99.94 
99.99 
99.98 
99.97 
99.95 
99.93 
99.91 
99.89 
99.86 

1 . 0 0 0 0  
1.1196 
1.2450 
1.3762 
1.5131 
1 6557 
1.8042 
1.9585 
2.1186 

2.4564 
2.6341 

2.?846 

1.0000 
1.0330 
1.3652 
1.0970 
1.1284 
1.1598 
1.1913 
1.2229 
1.2549 
1.2672 
1.3200 
1.3533 

1.0000 
1.0842 
1.1695 
1.2557 
1.3424 

1.5167 
1.4294 

1 6039 
1.6909 
1.7775 
1.8636 
1.9490 

P T 2 / P T l  

1.0001 
.9999 
m9990 

9967 
9928 
9 8 7 1  

.9794 
9697 
9582 

0 9448 . 92 97 
9130 

TTZ/TT l  

1.0000 
1.0000 
1 .0000 

.9999 

.9999 

.9998 

.9997 

.9995 

.9993 
-9991 
.9989 

9986 

O T 2 / 0 T l  

1.0000 
.9999 
,9989 

9967 
,9928 

9870 
.9793 

9696 
s 9580 

9446 
9295 

.9128 

LAST POINT AT SATUPATION SOUNDAI?Y 



til 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 

TABLE 11. REAL-GAS NORMAL-SHOCK SOLUTIONS F O R  NITROGEN AT T T l  = 100 K 

A .  PT1 = 1. ATM D l 1  = 3.483 K C M l M 3  C ONCLUWEO. 

O T 2 / D T l  M2 PZ/PI T Z / T l  02/01 PT;?/PTl T T 2 / T T l  
R E L A T I V E  T O  IOEAL D I A T O M I C  GAS VALUE-------------------------- B (--------------------------- 

1.0000 
,9999 
.9998 
,9997 
9996 
.9997 
.9996 
,9997 
.9 997 
r9997 
.9997 
.9997 

1.0000 
1.0000 
1.0000 
.9999 

.9997 
9996 
,999s 
,9994 
,9993 
9992 
9992 

,99913 

1.0000 
1.0r)Ol 
1 . 0 0 0 7  
1.0003 
1.0'704 
1.0004 
1.01)03 
1.0002 
1.oao1 
1.0000 
,9998 
9996 

1.0000 
1 . 0 0 0 t  
1.0003 
1.0005 
1.0006 
1.0006 
1.0007 
1.0007 
1.0007 
1.0008 
1 . 0 0 0 3  
1 . 0 0 3 9  

1.0001. 
l . rJ001 
1.D001 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
.9999 ' . 
.9999 
.9990 

1.0000 
1.0000 
1.0000 
.9999 
.9999 
9996 
.9997 
.9995 
.9993 
9991 
.9989 
9986 

1.0000 
1.OOOO 
1.0000 
1.0000 
1.0000 
1.0000 
.9999 
,9999 
.9998, 
.9997 - 
.9997 
,9995 

LAST P O I N T  AT SATUSATION BOUNDARY 



M l  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1 e35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1 9 7 0  
1.75 
1 e 8 0  
1.85 

M2 

1.0000 
.9530 
- 9 1 1 6  
.a748 
.E429 
,8124 
.7857 
- 7 6 1 5  
.7395 
- 7 1 9 4  
.7009 
e6839 
- 6 6 8 3  
e6538 
- 6 4 0 4  
,6279 
- 6 1 6 3  
- 6 0 5 6  

P 2  
A TM 

.5287 

.5579 

.5836 
6058 

- 6 2 4 6  

.6519 

.6666 

- 6 7 0 0  
.6679 
.6637 

6399 

6607 

e6696 

6574 
6494 

e6398 
6289 

.6167 

TABLE 111. 

1 2  
K 

9 1  e 6 0  
93.03 
94.26 
95.34 
96.28 
97 11 
97.84 
98.49 
99.06 
99.57 

10C.03 
100.45 
100.81 
101.15 
101.45 
101.72 
101.97 
102.19 

REAL-GAS NO?UAL-SHOCK SOLUTIONS FOR N I T R O G E N  AT T T l  = 1 1 0  K 

A. P T l  = 1. ATM D T l  = 3.151 K C M I 4 3  

0 2  PTZ TT2 P E / P l  
KGM/H3 ATM K 

1.997 

2.143 
2.076 

2.700 
2.246 
2.281 
2.306 
2.322 
2.379 
2.327 
2.317 
2.300 
2.277 
2.247 
2.213 
2.174 
7.130 
2.084 

1 . 0 0 0 0  
.9999 
e 9990 

9 9 6 7  
9928 

.91)Tl  

.9?94 
9697 
9 5 8 2  

.9448 
9 2 9 7  
9 1 3 1  
5 9 5 1  

,8758 
.e555 
.E343 
,8124 
,7899 

110.00 
110.00 
l l U . 0 0  
110.00 
109.99 
109.98 
109.97 
109.96 
109.94 
109.92 
109.90 
109.88 
109.86 
109.63 
109.00 
109.77 
109.74 
109.71 

1.0000 
1.1196 
1.2450 
1.3762 

1.6559 
1.5132 

1 8044 
1.9588 
2.1189 
2.2850 
2 4568 
7.6344 
2.8179 
3.0072 
3.2024 
3.4034 
3.6102 
3.8229 

1 2 / 1 1  

1.0000 
1.0330 
1.0652 
1.0969 
1 0 1 2 8 4  
1.1598 
1.1913 
1.2230 
1.2550 
1.2874 
1.3203 
1.3537 
1.3876 
1 0 4 2 2 2  
1.4575 
1.4934 
1.5701 
1.5675 

O ? / D l  

1.0000 
1.0841 
1.1693 
1 2554 
1 3 4 2 1  
1.4291 
1 5163 

1 6904 

1 8629 
1.9483 

2.1163 
2.1989 
2.2803 

1.6035 

1.7769 

2.0328 

2.3605 
2.4395 

P T 2 / P T l  

1.0000 
.9999 

9990 
9967 

s 9928 
9 8 7 1  

.97 9 4  
9697 
9582 

.9448 
9297 
9 1 3 1  
8 9 5 1  

.E758 

.a555 
,8343 

8124 
.78  99 

TT2/TTI  

1 . 0 0 0 0  1 . 0 0 0 0  

1.0000 
1.0000 

.9999 

.9998 
,9997 

9996 
,9995 
,9993 
.9991 
.9989 
,9987 
.99 85 

9982 
.9979 
.9977 
99 74 

O T Z / O T I  

1.0000 
.9999 
.9989 
- 9 9 6 7  

9928 
9870 

,9793 
.9697 

9 5 8 1  
.9447 

9296 
9129 

,8948 
8756 
8552 

0 8340 
.E120 
e7895 

LAST POINT AT SATURATION 90UNOA4Y 



H i  

1 .00  
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1 - 0 5  

TABLE 111. SEAL-GAS NORMAL SHOCK SOLUTIONS FOR NITROGEN AT 111 = 110 K 

1 . 0 0 0 0  
.9999 
.9998 
.9997 

9996 
.9997 
.9997 
.9997 
,9997 
.9997 
.9997 
,9998 
.9 998 
.9998 
.9998 
.9997 
.9997 
.9998 

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  

.9999 

.9999 

.9998 

.9997 
9996 
9995 
.9994 
,9994 
.9993 
.9993 

9992 
9992 
9992 

.9991 
9991 

1.0900 
i.0091 
1 .0002  
1.0003 
I. 0 0 0 4  
1 .0004  
1.1004 
1.0003 
1.0003 
1 . 0 0 0 2  
1 . 0 1 ) U l  

.9q99 

.9998 
9996 
.9994 
,9997 
,9990 
,9988 

1 . 0 0 0 0  
1 . 0 0 0 1  
l . 0 0 B Z  
1 .0003  
1.00011 
1 . 0 0 0 ~  
1.0004 
1.00011 
1.00Ol 
1 . 0 0 0 5  
1.0005 
1 . 0 0 0 5  
1 . 0 0 0 5  

1.0005 
1.0005 
1.0006 
1 . 0 0 0 6  

1 .0005  

1.0000 
1.0001 
1.0000 
1 .0000  
1.0000 
1.0000 
1 .0000 
1 .0000 
1 .0000 
1.0000 

0 9999 
.9999 
.9999 
.9998 
.9998 
.9997 
-9996 . 9995 

1 . 0 0 0 0  
1.0000 
1 . 0 0 0 0  
1 . 0 0 0 0  

.9999 

.9998 
,9997 
9996. 

.9995 

.9993 

.9991. 
,998 9. 

9987 
,9985 
-9982 
.9979 
.9977 
,9974 

1.0000 
1.0000 1.0000 

1.0000 
1 .0000  
1.0000 
1 .0000 

.9999 

.9999 

.9998 

.9998 

.9997 
9996 

.9995 

.9994 . 9993 

.9992 

.9990 

LAST POINT AT SATURATION SOUNOARY 



1.00  
1 .05  
1 .10  
1 .15  
1 .20  
1 e25 
1 .30  
1 .35  

1 .45  
1 - 9 0  

n2 

1 . 0 0 0 0  
.9528 
.9112 
a8746 
-8418  
- 8 1 2 3  
.7857 
.761* 
,7394  
-7193  

TABLE 111. REAL-GAS NO?MAL-SHOCK SOLUTIONS FOR NITROGEN A'T 111 = 110  K 

B. UT1 = 3 .  A l l !  Of1 = 9 . 7 6 1  KGM/M3 

P 2  T7  02  P T Z  1 1 2  P Z / P l  TE/Tl 02/01  PT2/PTl 
ATM K UGM/M3 ATM U 

1 .5885  
1 .6763  
1 e 7 5 3 6  
1.8201 
1 .a760  
1 .9210  
1 .9576 
1 9840 
2 .0012  
2 . a i o i  

91.48 
92 92 
94 .16  
95 .23  
96 .17  
96 99 
97 70 
98.33  
98 .98  
99 .36  

6 .196  
6 . t 3 0  
6 .640  
6 0 8 1 5  
6 . 9 5 6  
7 .066  
7 .144  
7 . 1 9 2  
7 .212  
7 . 2 0 5  

3 .1001  
7 .9996 
7 .9966 
2.9900 
2.3'83 
2 .9610 
2 .9379  
2 .9068  
2.9'41 
2 .8337 

110.00  
110.r10 
110 .10  
109 .99  
109 .97  
109 .95  
109 .91  
109 .87  

i09 .?7  
1 0 9 . 0 3  

1 . 0 0 0 0  
1 .1196 
1 2449 
1 .3755  
1 ..5.120 
l i 6 5 4 3  
't';'d023 
"l:;q563 
2 .1160  
2 .2815 

LAST P O I N T  L T  S A W R A T I O N  BOUNDARY 

1 . 0 0 0 0  
1 .0332 
1.0657 
1.0975 
1 .1291 
1 .1605 
1 .1919 
1 .2236 
I. 2554 
1 .2876 

1.0000 
1.0844 
1 1699 
1 .2560 
1 .3427 
1 e6298 

1 6045 
1 .6916  
1.7784 

1 .5172 

1 .0000 
9999 
9989 
9967  
9928 

,9870 ,. 97 93 
9696 

- 9 5 8 0  
9446 

1.0000 1 . 0 0 0 0  
1.0001) .9999 
1.0000 .9989 

.9999 .9967 
,9997 9927 
.99% 9869 

9992 9792 
.9989 9694 
.9984 .9577 
.9979 9442 



I 

M i  

1.00  
l r  05  
1 . 1 0  
1.15 
1.20 
1 .25  
1 .30  
1 - 5 5  
1.40 
1.45 

TABLE 111. REAL-GAS NOKMAL SHOCK SOLUTIONS FO!? NITROGEN AT T T l  = 110 K 

6. P T l  = 3 .  A T M  D T I  = 9.761 KGWM3 CONCLUOED. 

t42 P W P l  T 2 l T l  0 2 / 0 1  P T Z / P T l  T T Z / T T l  OTZ/OTl  
(--------------------------- RELATIVE T O  I 3 E A L  D IATOHIC GAS VALUE--------------------------) 

I.. n 0 0 0  
.9 997 
.9994 
.9995 

9996 
9996 
.9 996 

9996 
9996 

e9996 

1 . 0 0 0 0  
1 . 0 0 0 0  

,9999 
,9995 
.9991 

,9985 
.9983 
,9981 
,9979 

.99a8 

1. (1000 
1.0004 
l.OlO7 
1 . 0 0 0 9  
l . f lO99 
1 . 0 0 1 0  
1. 1009 
1 . 0 9 0 8  
1.0106 
1.0003 

1 . 0 0 0 0  
1.0004' . ' 

1. opp) ' : 
i . aoe%-  
1 . 0 0 0 7  

1 . 0 0 0 9  
1 . 0 0 1 0  
1 . 0 0 1 1  
1 .0012  
1 . 0 0 1 3  

1.0000 
1.0000 
1 .0000 
1.0000 
1 .0000  
1.0000 

.9999 

.9999 

.9998 

.9997 

1 .0000  
1 .0000  
1 .0000  
.9999 
.9997 
.9995 
.999t 
.9989 
.9984 
.9979 

1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9998 

.9997 

.9995 
,9994 

LAST POINT AT SATURATION 80UNOAQY 

d 
d 

w 



M I  

1.00 

n 2  

TABLE 111. 

P2 T 2  
arn K 

, 0 0 0 0  6522 9 1  - 3 6  
1.05 e9526  2 .7992  92.81 
1.10 e9211 2.9272 9w.05 

' 1.15 - 8 7 4 5  3.0374 95.13 
.1.20 -8417 3.1304 96.06 . .  

REAL-t AS NORH AL-SMOCK 

C. P T L  = 5 .  ATn 

D2 PT2 
~ t n / n 3  a T n .  

10 .680 5 . 0 0 0 9  
11 .103 5 . 3 0 0 1  
11.463 S.99*5 
1 1 . 7 6 4  h a 9 0 3 3  
12 .008  C. 9637 

SOLUTIONS FOR NITROGEN AT T T l  = 110 K 

011 16.D50 KGWM3 

T f 2  P 2 / P I  1 2 / 1 1  02/01 PT21PTl 
K 

10.00 1.0000 1.0000 1.0000 1.0002 
.10 .00  1 ~ 1 1 9 5  1.0335 1.0847 1.0000 
.09.99 1;'2443 l o 0 6 6 1  1.1702 .9989 
.09.98 1 . m 6  i . a w a  1.2563 9 9 6 7  
.09.35 i ; P i t 6 :  lo1296 1.3432 0 9 9 2 7  

LAST POINT A T  SATURATION BOUNOARV 

T T t / T T l  

1.0000 
1.0000 

09999 . 9998 . 99% 

D T 2 / D t l  

1.0001 
1.0000 . 9989 

9927 
b 9966 



H i  " .  --.. , . 
. . .  

1.00 
f - 0 5  
1.10 
1.15 
1.20 

TABLE 111. REAL-GAS NORMAL SHOCK SOLUTIONS FOR NITROGEN AT T T l  110  K 

C. P T t  5 .  ATM OTl = 16.850 KCHIM3 CONCLUDEO. 

M2 P Z t P l  T Z / T l  DEI01 
(---------------------------RELATIYE T O  I D E A L  O I A T O I I I C  

I '.*I . ~...  . - -  ~... . 

. . . . ..i.Oooa - '>- ; .  - i . .oooo 1 . 0 0 0 0  1 . 0 0 0 0 ~ .  .- ..-. 
.999c'  -.-,-.-... . . f , . a o o u ~  - - - - ,  1 . 0 0 0 6  1 . 0  00 I - 
.9993 

.9995 9982 

.9995 ~ - .  .~.___i..oati- - -_._ 1.0009 
1. 0019- ..- . . . i .oa io-  . .9994 .99nn 
1 .0015  . I. 0012 

PT P I P T I  T T W T f l  . D T E I O T I  
G A S .  VI\LUE-------------------------~ . .  

1.0002 1.0000 1.0001 
1.0001 1.0000 

1.0000 . 9999 
.9998 . 9999 1.0000 

9999 ,9995 9999 

1.0002 1.0000 

- 

LAST POINT b T  SPTURATION 0OUNBARI 



M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1 e30 
1.35 
1 e40 
1.45 
1.50 
1.55 

. I C 6 0  
1 e 6 5  _ . . '  - -  
1.70 
1.75 
1.80 
1.85 
1.90 
I e95 
2.00 
2.05 
2.10 

n 2  

1.0000 
.¶531 
- 9 1 1 6  
.E748 
.6*19 
.e124 
.7857 
.7615 
.7395 
e7194 
.7009 

.. .66R 3 

.6*0 4 
- 6 2 9 0  
.6164 
a6056 
.5955 

- 5 7 7 2  
.5689 

684.0 

e6535 

. 5 n 6 i  

- 5 6 1  2 

P 2  
ATM 

- 5 2 6 5  
,5577 
.5834 
a6057 

6244 
, 6 3 9 8  
e6516 
e6606 

6664 

e6699 
- r66?6 '  
e6636 
.E574 
e6494 
e 6 5 9 8  
a 6 2 9 9  

- 6 6 9 5  

- 6  167 

.5896 
e5750 
.5598 

54-1 

.bo36 

TABLE IV. 

TZ 
U 

99.93 
lOl.Cr9 
102.83 
104.01 
105.04 
1 0  5.94 
1 0 € . 7 4  
107.45 
108.flO 
1@1).6C 
10.9..55 
109.60 
1 1 0 . 0 1  
110 e 7 6  
110  e72 
111.02 
111.29 
111.54 
111.77 
111.98 
112.10 
112.35 
117.51 

.. . , 

REAL-CAS NORVAL-SHOCK SOLUfIONS FOR NIlROGEN AT T T l  = 120 K 

A. P T l  

0 2  
u ~ n / n ~  

1.825 
1.896 
1 956 
2.009 
2.051 
2.084 
2.107 
2.121 
2 . 1 7 7  
2 . 1 2 6 ,  

' ' ' .z.117 
2.101 
2.080 
2.055 
2.022 
1.966 
1 947 
1.904 

1 . 8 1 3  
1.7€4 
1.714 
1.664 

1 060 

= 1. ATM 

DT 2 
ATM 

1 .0000  
.9999 

9990 
9 9 6 7  
9926 

.9794 
9697 
9 5 6 2 -  

1 ..'9448 
.9298 
.9132 

8 9 5 1  

,91171 

.e759 

.4556 
,4744 
q125 
7900 

- 7 5 7 1  
,7439 
- 7 2 0 5  
,6971 

6 7 7 6  

011 = 

T12 
K 

120 .uo 
120.00 
120.00 
120.00 
119.99 
ii9.90 
119.96 
119.96 
1.1 9 4 $ 

119.92 
119.90 

119.94 

119 .98  
119.06 
119.03 
119.81 
119.78 
119.76 
119.73 

113.67 
119.05 
119.62 

119.70 

P 2 / P l  

1.0000 
1.1196 
1.2450 
1.3762 
1.5132 
1.6560 
1.0046 
.l 9590 
2. 1191 
2.2852 
2.4570 
2.6347 
2 .m a3 
3.0077 
3.2029 
3.4039 
3.6107 
3.0234 
4.0419 
4.2662 
u.4965 
4.7325 
c. 9744 

2.878 KGWN3 

11 NEAP TSIPCE-PDINT TEMPERATURE 

T 2 / l l  

1.0000 
1.0330 
1.0652 
1.0969 
1.1284 
1 15¶8 
1..1913 
1.2231 
1. 2 5 5 1  
1.2815 
1.3204 
1.3539 
1.7879 
1.4226 
1.4579 
1.4939 
1.5307 
1 5687 
1.6064 
1 e 6455 
1.€854 
1.7261 
1 7676 

0 2 / 0 1  

1.0000 
1.0841 
1.1693 
1.2553 
1.3419 

I 1.5160 
1.6032 
1.6900 
1.7165 
1 8625 
1.9478 
2.0322 
2.1158 
2.1983 
2.2796 
2 -3598 
'2.4387 
.2 -5163 
2.5926 
2.6674 
2.1408 

. 1.4289 

2.8127 

PTP/PTl  

1.0000 
.9999 
.9990 

9 9 6 7  .. .99 2 8 
- 9 8 7 1  
.9794 
- 9 6 9 7  
.9582 . 9448 

9298 
- 9 1 3 1  
e 8 9 5 1  

8759 
e 8556 

8344 
8125 

.?goo 
e 7 6 7 1  
.7439 
- 7 2 0 5  

6 9 7 1  
6738 

l T E / T l l  

1.0000 
1.0000 
1.0000 
1.0000' 

.9999 
09399 
.9998 
e 9997 

9996 
.9995 
.9993 

9992 
.9990 
.9988 

9986 
.9984 
-9982 
.9980 
.9977 
e 9975 
.99?3 
9971 
9966 

D T 2 / D t t  

1.0000 
9999 . .  

9967 
9928 

e 9793 
9697 
9 5 8 1  
9447 
9296 

-9230 
8950 

,8757 . 8554 
8342 

.8122 

.7897 

.7668 
7436 

,7202 
9 6967 

6734 

~..9989. . . 

.9wo 



H i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 

’- ‘1.35 ’ 

1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10. 

TABLE I V .  REAL-GAS NORMAL-SHOCU SOLUlIONS FOR NITROGEN AT 111 120 K 

A .  P T l  = 1. ATH 011 = 2.878 KGH/HS CONCL UDEOo 

1.0000 
.9999 
.9998 
.9998 
.9997 
.9997 
.9 997 
.9997 
i 9998 
0 9998 
.9998 
.9 998 
.9998 
.9997 
.9998 
.9998 
.9998 
.9998 
.9998 
.9998 
.9997 
.9 998 
.9998 

1 .0000  
1 .0000  
1 . 0 0 0 0  

,9999 
,9998 
,9998 
,9997 
9996 

.9995 

.9995 
,9994 
.9994 
.999b 
,9993 
,9993 
.999s 
.999s 

9992 
9992 

,9992 
9992 

.999’ 

I .  oaao 

t , r J O O O  
1 . 0 0 0 1  
i.aoo2 
1.0003 
1 .0004  
1 . 0 8 0 4  
1 . 0 0 0 4  
i . a o o 4  
i.cJons 

1.0002 
1 . 0 0 0 2  

1 . 0 0 0 1  
1.onon 
.9998 

9997 
9996 
.9994 
,9997 
.9391 

.9957 
e 9 9 4 6  

.9909 

.99a4 

i . o o o a  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 .0002  

1 . 0 0 0 2  
1 .0002 ’  

i . o o a 2  

i.oaa? - 
i . o u a 3  
1.0007 
1 .0002  
t . 0 0 0 2  

1 . 0 0 0 2  
1 . 0 0 0 2  
1 .0802  
1 .0003  

1.0003 

i .arlo? . 

i.ooas 
1.0003 
1 .0003 

1.0003 
i.onos 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .0000  
1 .0000 
1 . 0 0 0 0  
1.0000 
1 .0000  
1.0000 

.9999 
,9999 

. ..9999 
.9998 - 
.9998 

9998 
.9997 
0 9997 

9996 
.9995 
.9994 

L. 9994 

1.0000 
1 . O ’ J O O  
1.0300 

,9999 
.9999 
.9998 
,9997 
9996 

.9995 

.9993 

.9992 
9990 

.9988 
9986 

.998C- 

.9982. 

,9977 
.9975 
,9973 
9971 

e9968 * 

i . o n a a  

.998a 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
,9999 
0 9999 
,9999 
.9998 
.9998 
.9997 

9996 
-9996 
.9995 

’ .s¶994 
.9993 - -  - 
.9993 
.9992 
.9990 
.9989 

9988 

i . a o o o  

T i  NEAR T R I P L E - P O I N T  TEMPERATURE 



TAELE IV. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  = 120 K 

8.  P T l  .= 3. ATH 011 = 8 . 0 4 8  KCWH3 

M i  

1.00 
1.05 
1.10 
1 - 1 5  
1.20 
1.25 
1.30 
1 - 3 5  
1.40 
1.%5 
1.50 
1.55 
1.60 
1.65 
1.70 
1 - 7 5  
I .a0 

n2 

1.0000 
- 9 5 2 9  
.9113 
e8746 
- 8 4 1 8  
ma123 
.7857 
- 7 6 1 5  
.7395 
- 7 1 9 3  
.7008 
e6839 
e6682 
- 6 5 3 7  
,6403 
- 6 2 7 9  
,6162 

P2 
ATH 

1.5872 
1 6749 
1.7523 

1.8748 
1.9205 
1.9564 
1.9820 
2.0003 
2 0 0 0 9 1  
2.0102 
2.0039 
1.9911 
1 9722 
1 9480 
1.9191 
1.0060 

1.8188 

1 2  
K 

99.80 
101.37 
1 0 2  73 
103.90 
104.92 
105.82 
106.61 
107.30 
107.91 
108.45 
108.93 
109.35 
109.72 
110.05 
110 e34 
110  -60 
110 .83 

02 
KGM/M3 

5.609 
5.829 
6.019 
6.178 
6.306 
6.406 
6.476 
6.520 
6.539 
6.533 
6.505 
6.457 

6.30 7 
6.209 
6.098 
5.971 

6.390 

PT2 
ATH 

3 . 0 0 0 1  
2.9936 
2.9968 
2.9900 
2.9783 
2.9611 
2.9380 
2.9090 

2.8341 
2.7887 
2.7180 
2.6846 
2. 6267 
2.5656 
2.5019 
2.4359 

E. R T C ~  

TT 2 
K 

120.00 
120.00 
120.00 
119.99 
119.97 
119.95 
1 1 9  9 3  
119.89 

119.81 
119.75 
119.69 
119.63 
119.56 
119.49 
119.42 
119.34 

119.05 

P 2 / P l  

1.0000 
1.1196 
1.2449 

1.5123 
1.6547 
1.8029 
1 9569 
2.1167 
2.2823 
2.4538 
2.6311 
2.8141 
3.0031 
3.1978 
3.3983 
3.6U48 

1.3758 

T ? / T I  

1.0000 
1.0332 
1.0656 

1.1290 
1.1605 
1.1920 
I .  2237 
1.2556 

1.3206 

1.0975 

1 - 2 8 7 9  

1.3538 
1.3875 
1.4218 
1.4567 
1.4923 
1 5285 

0 2 / 0 1  

1.0000 
1.0842 
1.1696 
1 255.6 
1.3422 
1.4292 
1 s 5164 
1 6035 
1.6905 
1.7771 
1 8 6 3 1  
1.9485 
2 -0330 
2.1167 
2.1993 
2 e2808  
2.3610 

PTP/PTl  

1.0000 
.9999 
.9989 

9967 
9 9 2 8  

- 9 8 7 0  
,9793 

9697 
9 5 8 1  

,9447 
9 2 9 6  

~ 9 1 2 9  
e 8949 
- 8 7 5 6  

8552 
,8340 . 8120 

TT2/TT l  

1.0000 
1 .0000  
1 .0000  

e 9999 
0 9998 

9996 
.9994 

9991 
9988 

.9984 

.qs79 

.9975 
9969 
9964 

.9958 
9 9 5 1  

.9945 

OT2/0T l  

1.0000 
.9999‘ 
.9989 

9967 
9927 

~ 9 8 7 0  
e9792 

9695 
.9579 
.9444 
e 9293 

9125 
8944 
8750 
8546 . 8333 

,8112 

LAST POINT AT SATURATION BOUNDARV 



H i  

1 .00  
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1 .80  

1 . 0 0 0 0  
.9991 
.9995 
.9995 

9996 
9996 

.9997 

.9 997 
9996 

.9997 
9996 

,9997 
09997 

9996 
9996 

.9997 
9996 

1 . 0 0 0 0  
1 .0000 

.9999 
9996 

.9993 
9990 

.99on 
-9966 

9985 
,9983 

9982 
9980 

.9979 

.9978 

.9977 

.9977 
9976 

1 . 0 0 0 0  
1.0003 
1 . 0 0 0 6  

1.0009 
1.0010 
1.0009 

1.0007 
1.0005 
1 .0003  
1 .0000 

.9997 

.9993 
s 9909 
.9965 
,9960 

i . o n o 3  

i .oon9 

1 . 0 0 0 0  
1.0002 
1.ooocr 
l . O O O ( ,  
1.0004 
1.0004 
1.0004 
1.0005 
1.0005 
1.0005 
1.0006 
1.0006 
1 .0006  
1 .0007  
1.0007 
1 .0007  
1.0008 

1 .0000  
1 .0000 
1.0000 
1 . 0 0 0 0  
1.0000 
1.0000 

.99¶9 
0 9999 
.9999 
.9998 
.9998 
.9997 
9996 

.9995 

.9994 

.9993 
9991 

1 .0000  
1 . 0 0 0 0  
1 . 0 0 0 0  

.9999 

.9998 
999 6 

.9994 

.9991 
,9988 
,9984 
.997¶ 
,9975 
9969 
996b 

-9958 
9951 

,9945 

1.0000 
1.0000 
1*0000.  
1.0000 
.e9999 
.9999 

9998 
.9997 

9996 
.9994 
.9993 
.9991 
.9989 
.9987 
-3905 
.9982 

. w e  

LAST POINT A T  SATURATION BOUNDAPV 



1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1 .35  
1.40 
1 a45 
1.50 
1.55 
1.60 

M2 

1 . O O O D  
e9527 
e 9 1 1 1  
.e745 
-8418 
.E223  
- 7 8 5 6  
,7614 
. I 3 9 4  
- 7 1 9 3  
- 7 0 0 8  
,6837 
- 6 6 8 1  

TABLE I V .  REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITUOGEN AT T T l  = 120 K 

C. P T l  = 5 .  ATM U T 1  = 15.133 KGH/N3 

P2 1 2  02  PTZ TTZ P 2 / P l  12 /11  0 2 / 0 1  
ATH K KGfl/H3 ATM K 

2.6483 
2.7949 
2.9238 
3.0339 
3.1271 
3.2072 
3 .2629 
3 .3068 
3 .3357 
3 .3503 
3 .3518 
3.3413 
3.3195 

99.68 
101.26 
102.62 
103.79  
104.81 
105.70 
106.47 
107.15 
107.74 
106.25  
108.70 
109.09  
109.42 

9.596 
9 . 9 7 4  

10 .299 
10 .569 

10 .958 
1 0 . 7 8 9  

11 .079 
11 .153 
11 .184 
11 .173 
11.125 
1 1 . 0 4 1  
10 .926 

5 . 0 0 0 4  
4. 9996 
4.9949 
4 .9837 
i e  9 6 4 3  
4.9355 
4.8970 
4 .8486 
4.7Q06 
4 .7235 
4 .6478 
4 .5643 
4 .4738 

120.90 
120.00 
119.99  
1 1 9 . 9 8  
1 1 9 . 9 6  
119.92  
119.88 
119.82 
119.75 
119.67  
119.59  
1 1 9  4 9  
119.38  

1 . 0 0 0 0  
1.1195 
1 .2447 
1 .3750 
1 .5112 
1.6532 
1 . 8 0 1 0  
1.4546 
2Vt140 
2 .2792 
2.4502 
2.6270 
2 .8096 

1.0000 
1.0334 
1.0660 
i . n 9 7 9  
1.1296 
1.1611 
1.1926 
1.2242 
1.2561 
1.2882 
1- 3207 
1.3536 
1 3870 

1.0000 
1.0844 
1.1698 
1 .2557 
1.3423 
1.4294 
1.5166 
1.6038 
1.6909 

1 s 8637 
1 9492 
2.0338 

1.7775 

P T Z / P T l  

1 . 0 0 0 1  
0 9 9 9 9  

9990 
9 9 6 7  
9 9 2 9  

e 9 8 7 1  
, 9 7 9 4  

9 6 9 7  
, 9 5 8 1  
, 9 4 4 7  
9296 

e 9 1  2 9  
a 8 9 4 8  

TTE/TT l  O T Z / O T l  

1 . 0 0 0 0  1 .0000  
1 . 0 0 0 0  .9999 

.9999 .9989 

.9998 9 9 6 7  
9996 9928 

.9394 - 9 8 7 0  
9990 9792 

,99  65 ,9695 
,9979 .9578 
,9973 .9443 
.9965 9 2 9 2  
.9957 ,9122 . 9948 - 8 9 4 0  

LAST POINT A T  SATURATION BOUNDARY 



M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
l . k O  
1.45 
1.50 
1.55 
1.60 

TABLE I V .  REAL-GAS NORKAL-SHOCK SOLUTIONS FOR NITROGEN AT 111 = 120 K 

C. P T l  = 5. ATH D T l  = 15.133 KG!I/*S CONCLUDED. 

D T 2 / 0 1 1  t12 P Z / P l  T Z f T 1  DZ/Dl PJZ/PTl  TTP/TTI  
(--------------------------- R E L A T I V E  T O  IDEAL D I A T O M I C  GAS VALUE--------------------------) 

1.0000 
.9995 
.9993 
.999b 
.9995 
.9996 
9996 
9996 
.9996 
9 996 
.9995 
.9995 
.9995 

1.0000 
1.0000 
.9997 
-9991 
-9986 
9981 
,9978 
9975 
.9972 
.9969 
.9967 
9965 
-9963 

1 . 0 1 0 0  
1.0006 
1.0010 
1.0012 
1.0114 
1.0015 
1.0014 
1.0013 
1.OrJll  
1.l)ooa 
1.0004 
,9999 
.9993 

1.0000 
1.0004 
1.0006 
1.0005 
1.0005 
1.0005 
1.0006 
1 .0007  
1.0007 
1 . 0 0 0 1  
1.0009 
1.0010 
l .OOt0 

LAST P O I N T  AT FATURATICN BOUNDARY 

1.0001 
1.0001 
1.0000 
1.0001 
1.0001 
1.0000 
1.0000 
1.0000 
.9999 
.9999 
.9998 
9996 

.9995 

1.0000 
1.0000 
.9999 
.9998 
9996 
,9994 
.9990 
.9985 
.9979 
.9913 
9965 
.9957 
.9948 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
.9999 
.9999 
.9997 
-9996 
.9994 
9992 . 9990 
9987 

_-. 

. . .  .- 



Hi 

1.00 
1.05 
1 .10  
1.15 
1.20 
1.25 
1.30 
1.35 

t12 

1.0000 
-952s 
. 9 1 1 1  
.a745 
.R417 
.8122 
.7855 
a 7 6 1 3  

P2 
ATfl 

4 .2438 
4.4796 
4.6837 
4 .8596 
5.0082 
5 .1290 
5 .2250 
5.2950 

- _  . .  
TABLE I V .  REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  120 K 

D. PTl  = 8 ,  ATM 011 = 25.260 KGMtM3 

T Z  
K 

99.51 
lOl.11 
102.46 
103.63 
104.65  
105.52 
l O € . t 8  
106.93 

DZ PT2 TT2 P 2 I P l  
~ c n / n s  ATM K 

16 .024 
16 .659 
1 7 . 1 9 7  

18 .014 
18 .296 
16 .497 
18 .621 

11.648 

e . 0 0 0 4  
7. 9 9 9 1  

7.9737 
7.9475 
7.8965 

1 .9916 

r .  33b7 
1 . r 5 7 i  

120 .OO 
120.00 
119.99  
119.97  
119.93  
119.88  
119.80  
1 1 9 . 7 1  

1.0000 
1 .1195 
1.2b37 
l a 3 7 3 6  
1+;10 9 2  
1 .6506 
1. 7.9m ir 
1 .9507 

T 2 1 T l  

1.0000 
1.0338 
1.0665 
1.0986 
1.1303 
1.1619 
1.1934 
1.2249 

D E t D l  

1.0000 
1.0847 
1.1698 
1.2557 
1.3423 
1.4294 
1.5167 
1 6 0 4 1  

P T 2 / P T l  

i.0001 
.9999 
.9989 
8 9967 
9928 

e 9 8 7 1  
.9793 

9 6 9 6  

TTZ/TTl  

1.0000 
1.0000 

9999 
b9997 
.99% 
.9990 
.9984 

9976 

OT2/Dt l  

1.0000 
9999 

-9989 
9967 
9927 
9869 
9791 
9 6 9 3  

CAST COXNT AT SATURATION BOUNDARY 



: 

f l l  

1 . O O  
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 

TABLE I V .  REAL-GAS NOWAL-SHOCK SOLUTIONS FOR NITROGEN bT I l l  120 K 

D T i  = 75.260 KGM/M3 CONCLUOEO. 0 .  P T l  = 8 .  ATH 

1 . 0 0 0 0  
9992 
9992 

,9994 
09995 
.9935 
.9995 
.9994 

1 . o o o o  
,9999 
,9990 
.9980 
.9972 

9966 
9960 

.9955 

1 . r J O O O  
1 .6009 
1 . 0 0 1 ~  
1 .0018 
1 . 0 0 2 1  
1.0022 
1. 0 0 2 1  
1 .0019 

02/01 
TO IDEAL DIAr f lM IC  

. ,~.. 

1.0008"~.  
1 . 0 0 0 1  '_ 

1.0006 
100005 
1.0015 
1.0006 
1.0007 
1.01188 

LAST POINT AT SATURATION BOUNDARY 

1.0001 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 

1.0000 
1.0000 . 9 9 9 9  

.9997 

.9994 
9990 
9984 

s 9976 

1.0000 
1.0000 
1.0000 1.0000 

.9¶99 
09998 
.9997 . 99% 



TAOLE V. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT 111 = 130 K 

M i  

1.00 
1.05 
1.10 

’ 1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1 e55 
1.60 

1.70 
1 e75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 

1.65 

M2 

1 .0000 
- 9 5 3 1  
a9117 
.a749 
,8420 
- 8 1 2 4  
.7857 
- 7 6 1 6  
,7395 
- 7 1 9 4  
- 7 0 0 9  
,6839 
e6683 
a6538 

640 4 
- 6 2 8 0  
- 6 1 6 4  
- 6 0 5 6  
.5955 
,5862 
e5772 
a5690 
,5612 
.5539 
a5470 
e5405 

P2 
ATn 

.5704 

.5576 
,5833 
.6056 

6243 
6397 

e6517 
,5605 

6664 
6694 

e6678 
6636 
6574 

.6598 

.6494 
6398 

e6289 
a6167 
.6036 
.5R97 
- 5  750 
.5598 
.5442 
.5283 
~ 5 1 2 3  

4 9 6 1  

1 2  
K 

108.36 
109.95 
ill e41 
112.68 
113.79 
114.78 
115.64 
116.41 
117.10 
117.71 
118.26 
118.76 
119.21 
119.61 
119.98 
120.31 
120 6 1  
120 .89 
1 2 1  e14 
1 2 1  e38 
121.59 
121.79 
121.97 
122.13 
122.29 
122.43 

A. P T l  = 1. A T M  

0 2  
KGM/M3 

I .  6 R O  
1.746 
1.603 
1.850 
1.889 
1.919 
1.940 
1.953 
1.959 
1.957 
1.949 
1 935 
1.915 
1.891 
1.862 
1 .829  
1.793 
1.754 
1.713 

1.625 
1.579 
1.533 

1.670 

1.485 
l a r 3 8  
1.391 

P T 2  
ATN 

1.0000 
.9999 

9990 
9967 

.9928 

.9971 

.9794 
9697 
9582 

,9440 

.n952 

. n345 

. n a i  

- 9 2 9 8  
- 9 1 3 2  

.a759 
8556 

8126 

. 7 5 7 2  

- 7 2 0 6  
.6973 

7440 

a 6 7 3 9  
, 6 5 0 8  

6 2 T 8  
.bas2 

Q T l  = 

TT2 
K 

130 e 0 0  
130.00 
130.00 

129.99 
129.99 
129.98 
129.97 
129.96 

129.93 
129.91 
129.89 
129.87 
129.85 
129.83 
129.81  

130.00 

129.94 

129.79 
129.77 
129.74 
129.72 
129.69 

129.65 
129.62 
129.60 

129.67 

2.650 KGM/N3 

P Z / P l  1 2 / 1 1  

1.0000 
1.1196 
1.2450 

1.5132 
1.6561 

1.3762 

1.8047 
1.9591 
2.1193 
2 . 2 0 5 4  
2.4573 
2.6350 
2.8186 
3.0080 
3.2032 
3.4042 
3.6111 
3.8238 
4.0424 
4.2668 
4.b97O 
4.7331 
4.9749 
5.2227 
5.4762 
5.7356 

1 . o o o o  
1.0330 
1.0651 
1.0969 

1.1598 
1.1913 
1,2230 
1.2551 
1.2876 
1.3205 
1 3540 
1 .3881  

1.4582 
1.4942 
1.5310 
1.5686 
1.6069 
I 6461 
1.6861 
1.7268 
1.7685 
1.8109 
1.8543 
1.8985 

1.1284 

1.4228 

0 2 / 0 1  

1.0000 
1.0840 
1.1692 
1.2552 
1.3418 

1.5159 
1 e6029 
1.6898 
1 7763 
1 8622 
1.9474 
2.0328 
2.1153 
2.1978 
2.2792 
2.3593 
2.4382 
2.5158 
2 5920 
2.6668 
2.7402 
2.8121 
2.8825 
2.9524 
3.0188 

1.4288 

P f 2 / P T l  

1.0000 
e 9999 
.9990 

9 9 6 7  
9 9 2 8  

- 9 8 7 1  
.9794 

9697 
95 8 2  

.9448 

.9298 
9132 
8952 

.a759 
8 5 5 6  
8345 
8126 

.7901 
7672 
7440 

- 7 2 0 6  
e 6973 
6739 

- 6 5 0 8  
06278 
06052 

T T 2 / T T l  

1.0000 
1.0000 
1.0000 
1.0000 

.9999 
,9999 
,9998 
.9998 
.9997 
9996 
9995 

.9993 
e9992 

9990 
.9989 
,9987 
.9985 
.9984 
b9982 
.9980 
.9978 
m9976 
.9975 
.9973 
9971 

-9969 

O12/Df 1 

1 .0000  
.9999 
.9989 

9967 
9928 

m9870 
.9793 
m9697 

9 5 8 1  
.9448 

9297 
0 9 1 3 1  

8950 
0 8758 
.a555 
,8343 
e 8124 
.7899 

7670 
.7438 
- 7 2 0 4  
a 6970 
a6737 

6505 
e 6275 

6049 

T i  NEAR TRSPLE-POINT TEMPERATURE 



n i  

1.00 
1.05 
-1.10 
1.15 
1.20 
l e 2 5  
1.30 
I. 35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1-65 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 

1.0000 . 9999 
.9999 
.9998 
.9997 
,9997 
.9 997 

.9997 
,9997 
.9997 
.9 998 

.9998 

.9998 

.9 998 

.9998 

.9999 . 9999 

.9998 

.9998 . 9998 
9998 

.9999 

.9999 

.9999 

.9 997 

,9990 

1 .0000  
1 , 0 0 0 0  
1 . 0 0 0 0  
.l. 0 0 0 0  

.9999 

.9999 
,9998 
.9997 
.9997 

9996 
9996 

.9995 

.9995 
,9995 
.9994 
.9994 
.9994 
.9994 
.9993 
.9994 
.9993 
.9993 
.9993 
.9993 
.9993 
.9993 

1.0000 
1 . 0 0 0 1  
1.0002 
1.0003 
1.0003 
1.0004 
1.0004 

1.0003 
1.0003 
1.0002 
1.0002 
1 . 0 0 0 1  
1 . 0 0 0 0  

,9999 
.9998 

9996 
.9995 
.9994 
.9993 
.9991 

9990 
.9989 
.9987 

9986 
.9985 

1.0004 

1.0000 
1.0000 
1 .0001  
1.0091 
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1.0001. 

1 . 0 0 0 1  
1.0001 
1.0001 
1 .0000  
1.0000 
1.0000 
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1.0000 
1.0090 
1 .0000  
1.0001 
1.0001 
1 .0001  
1.0091 
1.0001 

i . o o a i ’  

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .0000  

.9999 

.9999 

.9999 
e 9999 

9999 . 9998 
.9998 
.9997 
.9997 
09996 ~ 

9996 
.9995 

9995 
.9994 

1.0000 
1.0000 
1.0000 
1.0000 

.9999 
,9999 
.9998 
.9998 
.9997 
-9996 
.9995 
.9993 
.9992 
.9990 
,9989 
,9967 
.9985 
.9984 
9982 

.9960 

.9978 
9976 

.9975 

.9973 
a9911 

9969 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 
e 9999 
,9999 
.9996 
.9998 
.9997 
.9997 
9996 
9996 

.9995 

.99% 

.9993 

.9993 
9992 
9991 

.9990 

.9989 

T l  NEAR TRIPLE-POINT TEWPERATURE 



H l  H2 

1.00 1 .0000  
1.05 - 9 5 2 9  
1 .10  - 9 1 1 4  
le15 ~ 8 7 4 6  
1.20 e8418 
1.25 - 8 1 2 3  
1.30 ,7857 
1.35 e7615 
1-40 ,7395 
1.45 a7193 
1.50 a7009 
1.55 ,6839 
l e 6 0  e6682 
1 .65  - 6 5 3 8  
1 .70  e6404 
1.75 a6279 
1 .80  a6163 
le85 - 6 0 5 5  
1.90 .5955 
1.95 - 5 8 6 0  
2.00 5 772 
2.05 - 5 6 8 9  

P 2  
A TH 

1 .5863 
1 .6739 
1 7512 
1.8179 
1 e 8738 
1 .9197 
1 .9556 
1 9821 
1 .9995 
2 .0086 
2 .0097 
2 .0035 
1 .9908 
1 9720 
1 .9479 
1 . 9 1 9 1  
1.8862 
1.8496 
1 . 8 1 0 1  
1 . 7 6 8 0  
1 7240 
1.6782 

T?  
K 

108.13 

111.10 
112.57 
113.68 
114.65 
115.51  
11€.2? 
116.94 
117.53 
118.06 
118.52 
118.94 
119.31  
119.64  
119.94 
1?0.20 
1 2 0  44 
120.65 
120 .84 
171.01 
121.16 

i a 9 . m  

B. P T l  = 3 .  ATP 011 = 8 . 1 0 2  KGWR3 

TbtlLE V. REAL-GAS NORHlL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  = 1 3 0  K 

0 2  
KGn/H3 

5 . 1 3 8  
5 . 3 3 9  
5 . 5 1 3  
5 .658 
5 .770 
5 .867 
5 .932 
5 .972 
5.989 
5.98*  
5 .958 
5.914 
5.851r 
5 . 7 7 8  
5 . 6 8 9  
5 .588 
5.s77. 
5 .357 
5 .230 
5 . 0 9 8  
4 . 9 6 1  
4.820 

P t 2  
ATM 

3.9000 
2 .9996 
2 .9968 
2.9900 

2 . 9 5 1 1  
2. 9380 
? e 9 0 9 1  
2.8744 
2 .8342 
2.7598 
?. 7 3 9 1  
7.6950 
2.6272 
2.56E3 
7.50?6 
2 .4367 
2 .3692 
2 .3003 
7 . tTB6 
2.1693 
2.0900 

2 .9193 

112 
K 

130.00  
13fl.00 
130.00 
129.99  
129.98  
129.96  
1 2 9 . 9 4  
1 2 9 . 9 1  
129.97  
129.83  
1 2 9 . 7 9  
123.74  

1 2 9 . 6 2  
129.56  
129.50  
129.43  
129.36  

129.58  

129.29  
129.22 
129 .15  
129.08  

P 2 / P l  

1 .0000  
1 . 1 1 9 6  
1.2449 
1 .3759 
1 . 5 1 2 5  
1 .6550 
1 .8033 
1 .9574 
2 .1172 
2.2830 
2 .45k5 
?, .‘,‘6 3 1 9 
2 . 8 1 5 1  
3 . 0 0 4 1  
3 . 1 9 8 9  
3 .3995 
3 . 6 0 6 1  
3.8184 
4.0364 
4 .2604 
4.4903 
4 .7259 

1 2 / 1 1  

1.0000 
1.0332 
1.0656 
le0974 
1.1290 1.1604 

1.1920 
1.2237 
1.2557 
1.2881 
1.3209 
1.3542 
l e 3 8 8 0  
1.4225 
1.4575 
1.4932 
l e 5 2 9 7  
1.5668 
1.6047 
1.6433 
1.6828 
1.7230 

LAST POINT AT SATURATION BOUNDARV 

0 2 / 0 1  

i .aooo 
l e 0 8 4 1  
1.1694 
1.2554 
1.3418 
1.4287 
1 5158 
1.6029 
1 6897 
1.7762 
1.8622 
1.9474 
2.0319 
2.1154 
2.1979 
2.2793 
2 e 3595 
2.4385 
2.5160 
2.5923 
2 a6672 
2.7406 

P l Z / P t l  

1.0000 
e 9999 
e 9 9 8 9  
e 9967 

9 9 2 8  
9870 

.9793 
9697 

e 9 5 8 1  . 9 4 4 7  
- 9 2 9 7  
e 9130 

8950 . 8757 
e 8554 

6 3 4 2  . 8122 
.78 97 
e 7 6 6 8  
0 7 4 3 5  
e 7 2 0 1  

6 9 6 7  

T f 2 / 1 1 1  

1.0000 
1.0000 
1 ~ 0 0 0 0  

e 9999 
e9998 
.9997 . 9995 . 9993,  
89990 
.9987 
e 9984 
e9980 

9975 
9971 

e 9966 
9 9 6 1  

e 9956 
9 9 5 1  . 9945 

m9940 
e9934 
9929 

D l  2/01 1 

l e  0000  . 9 9 9 9  
e 9 9 8 9  

9967 
9 9 2 7  

e9870 
.9793 
e9696. . 9580 
- 9 4 4 6  
e 9294 
e9128 
e 8947 
.e754 
e 8550 . 8337 

8117 
e 7 8 9 1  
e 7661 
e 7 4 2 9  
e 7194 

6 9 5 9  



. I  I 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1 - 4 0  
1.45 
1.50 
1.55 
1 e60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 

1.0000 
,9996 
e9996 
.9995 

9996 
9996 

.9997 

.9997 

.9997 

.9997 

.9997 

.9 997 

.9 997 
,9997 
.9997 
.9998 
.9997 
.9997 
.9997 
.9 997 
.9997 
.9997 

1 . 0 0 0 0  
1 . 0 0 0 0  
.9999 
9998 
9995 
9992 

.9990 

.9989 
,9987 

9986 
.9985 
.9987 
.9983 
9982 
9961 

.9960 
9979 

.9979 

.9979 
,9979 

9978 

.99ea 

1.0000 
1.0003 
1 . 0 0 8 6  
1.0088 
1.0009 
1.0009 
1 . 0 0 0 9  
1.0009 
1 .0008  
1.0007 
1 0005  
1.0003 
I. 0000  

.9998 

.9 394 
9391 

,9988 
.9984 
. 9360  
e9976 
e9972 

9968 

1.0000 
1.0001 
1 . 0 0 0 2  

1.0002 
1.0001 
1 . 0 0 0 1  
1 . 0 0 0 1  I 

1.0000. 
1 .0001 
1 .0001  
1 . 0 0 0 1  
1 .0001  
1 . 0 0 0 1  
1.0001 
1.0001 
1 . 0 0 0 1  
1 . 0 0 0 1  
1.0002 
1.0007 
1.0002 
1 .0002  

1 . 0 0 0 3  

1.0000 
1.0000 
1.0000 
1.0000 
1 .0000  
1.0000 
1.0000 
1.0000 

0 9999 
.9999 
.9999 
.9998 
.9998 
.9997 
.9997 

9996 
09995 
0 9994 

9992 
9991 

.9989 

.9988 

1 .0000  
1 .0000  
1 . 0 0 0 0  

,9999 
.9998 
.9997 
.9995 
.9993 
.9990 
~ 9 9 8 7  

9964 
9960 

.9975 
9971 

,9966 
-9961 
e9956 
9951 

.9945 

.9910 

.9934 
,9929 

1.0000 
1 .0000  I. 0000 

1.0000 
,9999 
.9999 
.9999 
.9998 
.9998 
.9997 
9996 

.9995 

.9994 

.9993 
9992 

.9990 

.9988 
9986 

e9984 
.9982 
.9979 
09971 

LAST POINT AT SATURATION BOUNOAII 



TABLE V. REAL-GAS NOPMAL-SHOCK SOLUTIONS :f~OR-NITROGEN AT 111 = 1 3 0  K 

C. P T l  = 5. ATM n T 1  = 13.773 Yt!4/H3 

n i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1 .75 
1.80 
1.85 
1.90 

n 2  

1.0000 
- 9 5 2 8  
,9111 
.a745 
-8418 
e8123 
- 7 8 5 7  
e7615 
.7395 
e7193 
. 7008  
e6838 
e6681 
e6537 
- 6 4 0 3  
- 6 2 7 8  
e6162 
- 6 0 5 4  
.5953 

P2 
A l N  

2 6456 
2.7920 
2.9209 
3.0312 
3.1243 
3.2006 
3.2604 
3.3045 
3.3335 
3.3484 
3.3502 
3.3398 
3.3184 
3.2870 
3.2466 
3.1984 
3.1433 
3.0822 
3.0161 

1 2  
U 

108.01 

l l l . 1 9  
112 e46 
113.57 
114.53 

109.72 

115.38 
lit -1'3 
116.78 
117.35 
117.85 

118.68 
119.02 
119.31 
119.57 
119.79 
119.99 
120.16 

110.29 

0 2  P T 2 ,  T i ?  , P Z / P l  
YCM/Y3  AT9 Y 

8.736 

9.375 
9.621 
9.821 
9.975 

lO.153 
10 .131  
10.172 
10.129 
10.053 

9.9c9 
9.820 
9.667 
9.495 
9.305 
9.100 

9.079 

~ 0 . a 8 5  

8 . 8 8 4  

5.0002 
b. 9995 
4.9947. 
4.7035 
*. 9 6 b l  
k.9354 
4.8970 
4.0497 
I*. 7 9 0 9  
4.7239 
i . 6 ~ 8 4  
4.5652 
4.4748 
5.3784 
4. 2766 
q.1702 
4.0602 
2.9471 
3.8322 

133.00 
130.00 

129.90 
129.96 
129.93 
129.70 
129.85 
129.79 
129.72 
129.64 
129.56 

129.99 

129.1.t 
1 2 9 . 3 7  
129.26 
129.16 
129.04 
128.93 
128.01 

1.0000 
1.1196 
1 2448 
I .  3753 
1.5116 
1.6538 
1 8017 
I 9555 
2.1150 
2:. 2 (I 0 4 
2::4516 
ai62 B 5 
2.8114 
2.9999 
3.1943 
3.3946 
3.6006 
3. ~ 1 2 5  
4.0303 

12/11 

1.0000- 
1.0334 
1.0659 
1.0978 
1 1295 
1.1620 
1.1926 
1.2243 
1.2562 
1.2885 
1.3212 

1.3879 
1.4220 
1.4567 
1.4921 
1.5281 
1.5648 
1.5023 

1.3542 

0 2 / D l  

1 . o o o o  
1.0842 
1.1695 
1.2553 
1.3417 
1.4286 
1.5157 
1.6027 
1 6896 
1.7761 
1.8621 
1,9473 
2.0318 
2.1154 
2 -1 979 
2.2794 
2.3597 
2.4387 
2.5164 

PT2/PT l  

1.0000 
.9999 
.9989 

9967 
,9928 

,9794 
9 6 9 7  

e9582. 
. 9448 '  
,9297 
.9130 

8950 
8 7 5 7 ,  

.a553 
- 8 3 4 0  
.a120 
.7895 

7664 

.go71 

T T 2 / T l l  

1 . 0 0 0 0  
1.0000 1.ooou 

.9999 

.9997 

.9995 
9992 

.9988 

.99 84 

.9978 
,9973 

9966 . 9959 
9 9 5 1  

.99c3 

.9935 
e 9926 
.9917 
.9908 

012/DTl  

1.0000 
.9999 
.¶¶E9 

9967 
,9928 
m9870 
.9793 

9696 
m9580 
,9445 
9293 

~ 9 1 2 6  
.a944 

8 7 5 1  
.e 8546 
.a333 . 8112 
07886 

7655 

LAST POINT .AT SATURATION BOUNDARY 



M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 

1.55 
1.60 
1.65 
1.70 
1.75 

1.85 
1.90 

1.50 

i.no 

TABLE V. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT 111 = 1 3 0  K 

C. P T l  = 5. ATH O T I  = 13.773 KtM/H3 CONCLUDED 

ne P Z l P l  T 2 I T l  02 /01  TTZ/TTl 0 r 2 /  DT 1 
(--------------------------- BELATIVF TO IOEAL DIATOMIC GAS VALUE--------------------------- 1 

P r u P r i  

1.0000 
.9996 
.9992 
.9994 
9 996 

a9996 
9 996 

e9996 
.9997 
9 996 
9 996 
9996 
9996 
.9 996 
-9996 
.9995 
e9996 
~ 9 9 9 6  
.9995 

1 . 0 0 0 0  
1.0000 

.9999 
,9993 
,9989 
. 9985  
.9982 
,9979 

9976 
,997r 
.9973 

9971 
9969 
9968 

e 9967 
9966 
9965 
996C 
9964 

1 .0000  
1 . 0 0 0 5  
1 . 0 0 0 9  
1.0012 
1.0013 
1.0514 
1.0014 
1.0014 
1.0012 
1 . 0 1 ) l O  
l . 1 ) O O T  
1.0003 

.9999 

.9994 

.9989 
e9984 
,9978 
.99?1 

9965 

1 . 0 0 0 0  
1 .0002  
1 . 0 0 0 4  
1.0002 
1 . 0 0 0 1  
1 . 0 0 0 0  
1 .0000  
1 . 0 0 0 0  
1 .ooou 
1.0000 
1.0009 
1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.0002 
1 .00a2  
1.0003 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9998 

.9997 
9996 

0 9995 
.9994 

9992 
0 9990 
09988 

1 . O O M  
1.0000 
1.0000 

.9999 

.9997 

.9995 
9992 

.9988 
9964 
9978 

.9973 
-9966 
.9959 
9951 

,9943 
.9935 
-9926 
.9917 
.9908 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 
0 9999 
-9996 
.9998 
9996 

.9995 
0 9994 
-9992 
09990 

9987 
~ 9 9 8 5  

9982 
09979 
0 9975 

LAST POINT L T  SATURlTION BOUNDARY 



.a 
w 
0 

M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 

1.0000 
.9525 
e9111 
- 8 7 4 5  

.8122 
e8917 

,7856 
7 6 1  4 

.7393 

.7192 

.7007 
,6837 
e6680 
.6535 

TABLE V. RE4L-CAS NORMAL-SHOSK SOLUTIONS FOR NITQOCEN AT 111 = 130 K 

0. P T l  = 8 .  A T M  D T 1  = 22.741 KGM/N3 

P2 1 2  0 2  PT2 TT 2 P 2 / P l  T Z / T t  0 2 / 9 1  
ATM I( KG!l/H3 ATY K 

4.?365 
4 I 4716 
4.6764 
4.8524 
5.0012 
5.1231 
5.2187 
5.2890 
5.3752 
5.3587 
5 3614 
5.3446 
5.3099 
5.2594 

1 0 7  83 
109.55 
111.03 
112.29 
113.40 
114.36 
115.19 
115.92 
116.54 
117.08 
117.55 
117.94 
1 1 8  e 2 8  
118.57 

14.431 
15.001 
15.486 
15 .891 

16.475 

16.768 
16.814 

16 .?21 

16.656 

16.797 
16.724 
16.598 
16.425 
16.209 

8 .0002  
7.9q49 
7.9313 
7.9735 
7.9524 
7.8364 
7.8349 
3.7577 
7.6550 
7.5579 
7.4369 
7.3034 
7.1587 
7.0O39 

130.00 
130.00 
129.99 
129.97 

129.89 
129.83 
129.75 
129.66 

129.43 
1 2 9  I 29 
129.14 

179.94 

129.55 

128.98  

1.0000 
1.1195 
1.2441 
1 3 7 4 1  

1.6517 
1.7992 
1.9524 

2.2761 
2.4467 
2.6230 
2.8051 
2.9931 

1.5100 

2.1114 

1.0000 
1.0337 
1.0664 
1.0984 

1.1618 
1.1934 
1.2251 
1.2569 
1.2890 
1.3214 
1.3542 
1.3874 
1.4211 

1.1302 

1.0000 
1.0844 
1.1693 
1.2550 
1.3414 
1.4282 
1.5153 
1.6023 
1.6892 
1.7756 
1.8616 
1 9470 
2.0315 
2.1152 

PTZ/PTl  

1.0000 
,9999 
0 9989 

9 9 6 7  
.9928 

9 8 7 1  

9 6 9 7  
9 5 8 1  

.9447 
9 2 9 6  
9129 

.e948 
8755 

,9794 

T 1 2 / T l l  

1 .0000 1 .0000  

.9999 

.9998 

.99% 
9992 

.9987 

.9981 

.9974 
9965 

- 9 9 5 6  
.9945 
.9934 
~ 9 9 2 2  

OTP/OTl 

1.0000 
.9999 
,9989 

9967 
9927 
9870 
9792 
9695 
9578 . 9443 
9291 
9123 

.e941 
8747 

L A S T  POINT A T  SATURATION BOUNDARY 



1 .oo 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 

1 .0000 
,9993 
.9993 
.9994 
,9995 
.9 995 
.9995 
,9995 
. 3974  
.9995 
,999s 
.9 994 

9994 
,9993 

I. 0 0 0 0  
1 . O O O B  
.9993 
,9985 
.9978 
.99?3 
,9968 
9963 

.9959 
9956 

.9953 

.9950 

.9947 

.99c5 

1 .0000 
i . o o o n  
1.01113 
1 . 0 1 1 7  
1.0920 
1.0021 
1.0021 
1.0020 
1.01116 
1.0014 
1.0009 
1.01193 

.9996 
.9989 

1.0000 
1.0003 
1.0002 
1 . 0 0 0 0  

.9999 

.9998 
,9997 
.9997 
.999 7 
,9997 
.9998 
.9998 
.9999 

1 .0000  

1 .0000  
1.0000 
1 .0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0 9999 
09999 
.9998 
.9997 
-9996 
.9994 

1.0000 
1.0000 

,9999 
.9998 
.9995 
9992 

.9987 
9981 

0 9974 
e9965 
9956 

.9945 
9934 

,9922 

1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9998 

.9997 
99% 
9995 
9993 

.9990 
*9988 
9985 

LAST POINT & T  SATURATION BOUNOARY 



H l  

1.00 

1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
I .45 
1.50 
1.55 

1.115 
1 . o o o o  

a9523 
. B i l l  
.a745 
e8417 
.a122 
a7.855 
.7613 
,7393  
-7191  
e 7 0 0 6  
a6836 

TABLE V. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT 111 = 130 K 

E. ? T i  = 1 0 .  ATM m i  = z9.iw1 K G w u S  

P 2  T 2  0 2  P12 1 1 2  P 2 / P l  T Z / T l  02/01 
ATU K K G Y / M 3  A T M  K 

5.2989 
5.5935 
5.U481 
6.0677 
6 2536 

6.5751 
6.4058 

6 . 6 1 2 ~  
6.6706 
6.7001 
6.7033 
6.6B22 

107.11 

1 1 n  .9? 
112.19 
113.29 

115.07 
115.78 

109 .45  

114.25 

116.39 
116.91 
117.35 
117 .71  

18.456 
19 .107  
19 .804  

20.743 
70.322 

22.067 
21.299 
21.441 
22.C99 
21.u78 
21.383 
2 1.22 1. 

1 0 . 0 3 0 6  
9.9989 
9.9896 
9.95'3 
9.7785 
9.8712 
9.7944 
9 .6979 
9.5822 
9.41r81 
9.2969 
4.1298 

130.00 1 . 0 0 0 0  
130.90 1.1195 
129.99 1.2436 
129.97 1.3733 
129.93  1.5089 
i z 9 . 0 7  1.65112 
129.79 1.7972 
129.69 1.9500 
129.57 2.1086 
129.44 2.2729 
129.28 2.4430 
120.11 2.61R9 

1 . 0 0 0 0  
1.0339 

1.0988 
1.1306 
1.1623 

1.2255 
1.2572 
1.2892 
1.3214 

1.11666 

1.1938 

1.3540 

1.0000 
1.0844 
1.1692 
1.2548 
1.3411 
1.4270 
1.5148 
1.6018 
1 a6886 
1 e7751 
1.8611 
1.9465 

PT2/PTl 

1 .0001 
.9999 
,9990 
I 9967 
.9929 
.9871 

9794 
.9698 
.9582 

9448 
.9297 
,9130 

TT2/TTI 

1.0000 1 .0000  

.9999 

.9997 

.9994 

.9990 

.99 84 
99 76 

-9967  
.9957 
.9945 
-9931 

D T Z / D T l  

1.0000 
0 9999 
.9909 

9967 
9928 

.9870 
9792 
9695 

.95 79 

.9443 
-9291  
e9123 

L A S T  P o I m  A T  SATURATICN BOUNDARV 



M i  

1.00 
1.05 
1 .10  
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 

TABLE V .  REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  = 130 K 

E. P T l  = 1 0 .  ATM U T 1  = 29.0611 K G H l M 3  CONCLUOEO. 

M2 PE/P1 T 2 / 1 1  D Z l D l  T T E / T T l  DT2 /OTl  P T Z l F T l  
(- ------ ------------- ------- RELATIVE T O  IDEAL DIATOMIC GAS VALUE--------------------------) 

1 . 0 0 0 0  
.9991 
.9992 
.9994 
.9994 
0 9994 
.9994 
e 9994 
.9994 
.9993 
.9993 
,9992 

1 . 0 0 0 0  
,9999 

9989 
.9979 

9970 
9963 

.9957 
-9951 
.9946 

9942 
.9938 
,9934 

1 . 0 0 0 0  
I. 0 0 1 0  
1 .0016  
1 . 0 0 2 0  
1 0023 
1.0025 
1.0025 
1 . 0 0 2 3  
1 . 0 0 2 0  
1 .0015  
1.0009 
1 . 0 0 0 1  

1 . 0 0 0 0  
l.OOOC, 
1 . 0 0 0 1  

,9998 
-9996 
.9995 
,9994 
.9994 
,9994 
.9991, 
.9995 

9996 

1 .0001  
1 . 0 0 0 0  
1.0000 
1 .0000  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 .0001  
1 .0001  
1.0000 
1 . 0 0 0 0  

,9999 
9998 

1 . 0 0 0 0  
1.0000 

.9999 

.9997 

.9994 

.9990 
,9984 

9976 
9967 

,9957 
.9945 
.9931 

1 .0000 
1 . 0 0 0 0  
1 .0000  
1 .0000  
1 .0000  

.9999 
,9999 
.9998 

9996 
.9995. 
.9993 
.9990 

LAST POINT AT SATURATION BOUNDARY 

-.L 

W 
w 



M i  

1.00 
1.05 
1 - 1 0  
1.15 
1.20 
1 - 2 5  
1 -30  
1.35 
l e 4 0  
1 - 4 5  
1.50 
1.55 
1.60 
1.65 
1.70 
1 -75  
1.80 
1 - 8 5  
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2 -25  
2.30 
2.35 
2-40 
2.45 

H2 

1.0000 
e9531 
a9117 
.a749 
e8420 
e8124 
,7857 
.1b15 
e7395 

71  94 
-7009 
e6840 
a6683 
e6538 
,6404 
e6280 
- 6 1  64 
e6056 
.5955 
-5861  
.5773 
e5690 
-5612 
.5539 
m5470 
e5405 
.5344 

52 86 
-5231  
m5279 

P2 
ATM 

-5284 
e5575 

5832 
e6055 

6242 
e6396 
06516 
e6605 

6 663 
6693 

-6697 
6677 

~ 6 6 3 5  
a6573 

6493 
6398 

-6289 
-6168 

6036 
.5897 
e5751 
.5599 
.5443 
,5284 

5124 
-4962 
e4800 
04640 
-4480 

4323 

TABLE V I .  

T2 
K 

116.60 
118e41 
119.98 
121.35 
122.55 
123.61 
124.55 
125.38 
126.12 
126.78 
127 e 38 
127.91 
128.40 
128.84 
129.23 
129.60 
129.93 
130 e23 
130.51 
130 76 
131eOO 
1 3 1  -21 

131.59 
131.76 
131.92 
132.07 
132.21 
132.33 
132.45 

131.41 

RELL-GAS NORRLL-SWOCK SOLUTIONS FOR NITROG€N A T  T T l  140 K 

A. P T l  = 1. A T r  

92 
KGN/M3 

1.557 
1.618 
1.611 
1.715 
1 751 
1.778 
1.798 
1.811 
1.816 
1.814 
1.807 
1.794 
1.775 
1.753 
1.726 
1.695 
1.662 
1.626 
1.588 
1.548 
1.506 
1.464 
1.421 
1.377 
1.333 
1.290 
1.246 
1.203 
1.160 
1.118 

PT2 
ATR 

1 . 0 0 0 0  
.9999 
.9990 

9967 
9928 
9871 

,9794 
9697 
9 5 8 2  

.9448 
,9298 

9132 
0952 
8760 

.e557 

.a345 
8126 
7902 
7673 

a7441 
7207 
6974 

-6740 
6509 
6279 

e6053 
- 5 8 3 1  

5612 
.5399 
-5190 

O T l  = 

TT 2 
K 

140.00 
1 4 0 - 0 0  
140.00 
140.00 
139.99 
139.99 
139.98 
139.97 
139.96 
139.95 
139.94 
139.92 
139.91 

139.87 
139.85 
139.83 
139.81 
139.79 
139.77 
139.75 
139.73 

139.69 
139-67 
139.65 

139.89 

139.71 

139.63 
139.61 
139.59 
139.57 

2.556 KGM/M3 

P21P1 

1.0000 
1.1196 
1.2450 
I e 3762 
1.5133 
1.6561 
1.8058 
1.9592 
2.1194 
2.2855 
2.4575 
2.6352 
2.8288 
3 .0082 
3.2035 
3.4045 
3.6114 
3.8242 
4.0428 
4.2672 
4.4974 
4.7335 
4.9754 
5.2232 
5.4768 
5 7362 
6.0015 
6.2726 
6.5495 
6.8323 

T 2 / T l  

1 .0000 
l e 0 3 2 9  
1.0651 
1.0968 
1.1283 
1.1598 
1.1913 
1 2230 
1.2551 
1.2876 
1.3206 
-1.3541 
1 3882 
1.4229 
1.4583 
1.4944 
1.5313 
1.5689 
1.6073 
1 6465 
1 6865 
l e  7273 
1 e 7690 
1.8116 
1.8550 
1.8993 
1 9444 
l e 9 9 0 5  
2.0374 
2 e  0853 

02/01 

1.0000 
le0840 
1.1691 
1.2551 
1.3417 
1 m4286 
1.5157 
leE028 
1 6896 
1.7760 
1.8619 
1 5472 
2.11316 
2.1150 
2.1975 
2.2788 
2.3590 
2.4378 
2.5154 
2.5916 
2 6664 
2.1397 
2.8116 
2.8820 
2.9510 
3.0184 
3.0843 
3.1487 
3.2117 
3.2.73 1 

PT2/PTl 

1.0000 
.9999 
.9990 

9967 
9928 
9871 

.9794 
-9697 

9582 
e 9448 

9298 
e9132 
e 8952 

8760 
0 8557 
,8345 

8126 
, 7 9 0 2  

7673 
7441 
7207 
6974 
6740 

-6509  
,6279 

6053 
5831 

a5612 
e5399 

5190 

TTZ/TTl 

1 * 0 0 0 0  
1.0000 
1.0000 
1.0000 
1 e O O O O  

.9999 

.9999 

.9998 

.9997 

.9997 
9996 

.9995 
e 9993 
.9992 

9991 
.9990 
e 9988 
.99 87 
e9985 
e9984 
.9982 
.9981 
.9979 

9978 
e9976 
.9975 
.9974 
e9972 

9971 
9970 

OT 2/01 1 

1e .0000  
e 9999 
e 9989 
e 9967 
e 9928 
e 9870 
0 9793 
e 9697 

9582 
e 9448 

-9131  
-8951  
e 8759 
0 8556 
e8344 

8115 
7900 

-7671  
.7439 
e 7206 

6972 
,6739 
,6507 

6277 
e 6051 
e5828 
,5610 
.5397 
e5188 

8 9297 

T l  NEAR 1RIPLE-POINT TEMPERATURE 



M l  

1 00 
1.05 
1.10 
1.15 
1.20 
1.75 
1.30 
1.35 
1.40 
1 .45  
1.50 
1.55 
1.60 
1.65 

1.75 
1.80  
1.85 

1.95 
2.00 
2.05 
2.10 
2.15 

1.70 

1.90 

2.20 
2.25 
2.30 
2.35 
2.60 
2.65 

1.0000 
,9999 
,9999 
b 9998 
.9998 
.9997 
.9997 

9997 
.9998 
.9998 

9998 
,9998 
.9998 

,9998 
.9999 
.9999 
.9999 
,9998 
9998 

.9998 
,9999 
,9999 
.9 999 
,9999 
,9 999 
.9999 
.9 999 
,9 999 
.9999 

.999e 

1 . 0 0 0 0  
1 ,0000  
1 . 0 0 0 0  
1 .0000  
1 .0000  

,9999 
.9999 
,9998 
.9997 
,9997 
.9997 
9996 
9996 

.9995 

.9995 

.9995 
,9995 
.9995 
,9995 
.9994 
.9994 
.9996 
.9994 
,9994 
.9994 
.9994 
.9991 
,9994 
.9996 
,999h 

1 . 0 0 0 0  
1 . O r ) O t  
1.0002 
1 . 0 0 0 2  
l r0003  
1 . 0 0 0 3  

1 . 0 0 0 4  
1 . 0 0 0 3  
1 .0003 
1 . O O O t  
1 . 0 0 0 2  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
.9999 
.9998 
.3997 

9996 
.9995 
-9994 
,9993 

9992 
.9991 
,9990 
.9989 
e9988 
.9987 
9906 

.9985 

1 . l r ) B C  

1.0000 
1 . 0 0 0 0  
l . O O O 0  
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

,9999 
.9999 
.9999 
,9999 
,9999 
,9999 
,9999 
.9999 
,9999 
.9999 
.9999 
9999 

.9999 

.9999 
,9999 
,9999 
,9999 
,9999 
09999 
.9999 
.9999 

1 .0000  
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
100000 
1.0000 
1.0000 . 9999 

.9999 . 9999 

.9999 
,9998 
.9998 
.9998 . 9997 . 9997 

9996 
9996 

0 9995 
.9995 . 9995 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9998 
0 9997 . 9997 

9996 . 9995 
.9993 
.9992 

9991 
.9990 
.9988 

9987 
0 9985 
.9984 
.9982 
.9981 
.9979 
.9978 
-9976 
9975 

.9974 
9972 
9971 
9970 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

09999 . 9999 
09999 . 9999 
.9998 
9998 . 9998 

,9997 . 9997 
09996 
09996 
09995 . 99% 
09994 
09994 
09993 
0 9992 
.9992 
0 9991 
.9990 

T l  NEAP, TRIPLE-POINT TEMPERATURE 



fll 

1 . 0 0  
1.05 
1 . 1 0  
1.15 
1.20 
1 - 2 5  
1.30 
1 .35  
1.40 
1.45 
1.50 
1.55 
1.60 

1.70 
1.75 
1 .80  
1.85 
1.90 
1.95 
2.00 
7.05 
2.10 
2.15 
2.20 
2.25 
2.30 

1.65 

n2 

1 .0000  
e9530 
,9114 

.I3418 

.e746 

. l a 5 7  

. r395 

. t o119  

e8124 

,7615 

e7194 

e6839 
e6683 

a6404 
.6538 

- 6 2 7 9  
- 6 1 6 4  
.6056 
.5955 
.5860 
a5772 
.5689 
-5612 
.5538 
-5it69 
, 5 4 0 4  
.5343 

P2 
ATM 

. L  

1 5859 
1.6735 
1 7508 
i e8172 

1.9190 
1.9550 
1 e 9 8 1 5  
1.9990 
2 .0081 
2.0092 
2.0032 
1.9905 

1.8132 

1 9718 

1.9191 
i . 9 4 n  

1 . ~ 8 6 3  
1 8498 
1 . 8 1 0 4  
1.7684 
1.7244 
1 6788 
1.6329 
1 5842 
1.5359 
1.4873 
1.4387 

TABLE V I .  

1 2  
K 

116.47 
118.29 
119.97 
171.25 
122.44 
123.49 
124.42 
125.24 

126.61 
127 18 
127.70 

125.96 

tzn.16 
128.51 

129.21  
128.93 

129.56 
129.83 
130 e07 
130 29 
130 
130.66 
130 e82 
130.97  
1 3 1  10 
131.27 
331.33 

REAL-CAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN 11 T T l  = 140 K 

B. P T l  = .  :3.:ATfl 

02  
KGMlH3 

4.744 
4.930 
5 . 0 9 1  

, 5.224 
5.333 
5.416 
5.477 
5.514 
5 .579 
5.525 
5.502 
5 .461 
5.405 
5 .336 
5.254 
5.161 
5 .059 
4.948 
41832 
4 .710 

4.454 
4.322 
4,189 
4.055 
3.921 
3 .788 

4.583 

CT2 
AT1 

3.0005 
3 . 0 0 0 1  
2.9973 
2.9900 
2.9783 
2 .9621 
2.9380 
2.9091 
2.8745 
2.8344 
2. 7892 
2.7394 

2.6277 
2.5668 
2 .5031 
2. 4.374 
2.3699 
2.30 L l  
2.2 314 
7.1613 

2.0209 
1.9513 
1.8822 
is 81C3 

2.6854 

7.0910 

i. 7 c t n  

, D l 1  = 

1 1 2  
K 

140.00 
140 00 
1 4 0 . 0 0  
139.99 
139.98 
139.97 
139.95 
139. 9 2  
1 3 9  89 
139. 85 
139.81  
139.77 
139.72 
139.67 
139.62 
139.56 
139.50 
139.44 
139.38 

139.25 
139.19 
139.13 
139.07 
139.00 
138.94 
138.88 

139.32 

7.480 KGWn3 

P 2 / P l  

1 .0000  
1.1196 
1.2449 
1 .3761 
1.5127 
1.6552 
1.8036 
1.9577 
2.1177 
2.2835 

2.6326 
2 .4551 

2.8158 
3 .:O 0 48 

,.3.1997 
3.4005 
3 .6071 
3.8194 
4.0377 
4.2618 
4.4911 
4.7274 
4.9690 
5.2164 

.5.4697 
5.7288 
5.9937 

LAST POINT AT SATURATION 8QlJNDARV 

. . -  

1 2 / 1 1  

1.0000 
1.0331 
1.0655 
1.0 97-4 
1.1289 
l e  1604 
1.1919 
1.2237 
1.2557 
1.2881 
1.3220 
I. 3544 
1.3883 
1.4228 
1.4580 
1.4939 
1.5304 
1.5677 
1.6057 
1 6446 
1 6842 
1 7246 
1.7658 
1.8079 
1.8508 
1.8946 
1.93.92 

/ .  

0 2 / 0 1  

1.0000 
1.08Ql 
1.1692 
1.2552 
1.3416 
1.4284 
1 5154 
1.6024 
1.6892 
1 7756 
1.8615 
1 e9467 
2.0310 
2.1145 
2.1969 
2.2783 
2 3584 
2.4373 
2.5149 
2.5911 
2.6659 
2 7393 
2.8112 
2.8817 
2.9506 
3.0181 
3.0840 

P T L / P l I  

1.0002 
1.0000 . 9991 

-9928 
.9870 
.9793 
9697 

.9582 

.9448 
9297 
9 1 3 1  
8 9 5 1  

.a759 
8556 

.a344 
8125 

- 7 9 0 0  
e7670 
.7438 
m7204 

6970 
6 7 3 6  
6504 
6274 

.6048 
- 5 8 2 5  

. 9 9 6 1  

l T t / T l l  

1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9998 
9996 

.9994 . 9992 

.9990 

.9987 

.9984 

.9980 
9976 

.9973 

.-69 
9964 
9960 
9956 

s 9951 
.9947 

9942 
.9938 
.9933 

9929 
9925 . 99 20 

DT2/0Tl 

1.0002 
I . 0000 

9991 
9967 
9928 
9870 . 9793 
9696 
9581 

.9447 
9296 
9129 . 8949 
8756 

.a553 
8340 
.8121 
~ 7 8 9 6  
7666 

.7433 

. 7 f 9 9  
6965 
6 7 3 1  
6 4 9 9  

.6268 
m6042 
a5819 



1 .00  
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
7.05 
2.10 
2.15 
2.20 
2.. 75 
2.50 

1.0000 
,9998 
.9 996 
.9995 
,9996 

9996 
.9997 
,3997 
.9997 
.9997 
,9998 
.9997 
,9997 
.9 998 
.9998 
.9997 
,9998 
,9998 
.9998 
.9 997 
.9997 
,9998 
,9 998 
,9998 
.9997 
.9997 
.9998 

I .  0 0 0 0  
1.0000 
1.0000 

.9999 
,9996 
.9994 
,9992 
,9991 
.9989 
,9988 

9987 
,9986 
-9985 
,9984 

9984 

,9983 
.9982 

9982 
9982 

.9903 

-9982 
9981 

m9981 
9981 
9961 
9981 
9981 

1 .0000  

1.0005 
1.0007 
1 . 0 0 0 1  
1.0009 
1.0009 
1.0009 
1 .0008  
1 . 0 0 0 7  
1.0006 
1.01104 
1 .0002  
1.0900 

,9398 
.9995 

9792 
9989 
9986 

.9333 

,9977 
.9974 

997 1 
9'367 
9966 

m9961 

I. 0003 

. 9 m  

1.0000 
1.0001 
1 . 0 0 0 1  
1 . 0 0 0 1  
1 .0000  

,9999 
.9998 
.9998 
.9997 

.9997 
,9997 
.9997 
,9997 
.9997 
.9997 
.9997 
.9997 
,9997 
.9997 
9997 

.9997 
,9998 
9998 

.9998 
999 8 
9998 

.9997 

1.0002 
1.0002 
1 .0002  
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

09999 
.9999 . 9999 
.9998 
.9998 
.9997 
.9997 

9996 
0 9995 . 9994 
.9993 
09991 

9990 
9968 
9987 
9986 

l.OPO0 
1.0000 
1.0000 

0 9999 
8 9999 
.9998 
8 9996 
,9994 
8 9992 
,9990 
.9987 
e 9984 
8 9980 
e 9976 
.9973 

9969 
8 9964 
e 9960 
9956 
9951 

0 9947 
9942 

09938 
09933 
9929 
9925 

89920 

1.0002 1.0002 

1.0002 
1.0000 
le0000 

09999 . 9999 
.9999 
e9999 
.9998 . 9998 
,9997 
e 9997 
-9996 
.9995 
.9994 
e 9993 
0 9991 
e9990 
09988 
0 9987 
0 9985 
09984 
09382- ' 

0 9979 
0 9977 
09975 

LAST POINT AT SATURATION BWNDARV 

-L 

W 
4 



M I  

1.00 
1.05 
1.10 
1.15 
1.20 
l e 2 5  
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 

1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 

i .aa 

n2 

1.0000 
e9528 
e9112 
-8746 
,8418 
-8123 
.7857 
-7615 
.r395 
. r i g 3  
-7009 
e6839 
-6682 
-6538 
,6403 
e6279 
-6163 
-6055 
.5954 
e5860 
-5772 
a5688 
-5611  
,5537 

P2 
n in  

2.6436 
2.7898 
2.9188 
3.0292 
3.1224 
Sa1988 
3.2587 
3.3029 
3 3320 
3.3471 
3.3490 
3.3388 
3.3177 
3.2865 
3.2464 
3.1984 
3.1435 
3.0827 
3.0168 
2 9466 
2.8731 
2.7969 
2.7185 
20 6387 

T2 
K 

116.34 
I 1 8  17 
119.76 
121.53 
122.32 
123.37 
124.29 
125.10 
125.81 
126.44 
126.99 

127.92 
128.30 
128.64 
128.93 
129.20 
129.43 
129.63 
129.81 
129.97 
130 e l l  
130 e23 
130 e34 

127.48 

REAL-GAS NORIAL-SHOW SOLUTIONS FOR NITROGEN A 1  111 = 140 K 

02 
KGWU3 

6.032 
8.3C6 
8.618 
8.844 
9.028 
9.170 
9 271  
9.334 
9.360 
9.352 
9.313 
9.244 
9.149 
9.030 
8.891 
8.733 
8.559 
8.372 
8.174 
7.967 

7.532 
7.752 

7.308 
7.082 

e r 2  
AT11 

5 .0001 
4.9994 
4.9956 
4.9835 
4 0  96bO 
4 0  9354 
4.8970 
4.8488 
4.7911 
4.7242 
4.6489 
4.5659 
4.4757 
4.3794 

C. 1717 
4 0 0 6 1 9  
3.9491 
30 83b3 
3.1180 
3.6009 
3.4834 
3. 3664 
3.2501 

4. 2777 

011 = 12.660 KGn’/M3 

11 2 
K 

140.08 
1 4 0 . 0 0  
1 ~ 0 . 0 0  
139.99 
139.97 
139.94 
139.91 
139.87 
139.81 
139.76 
139.69 
139.61 
139.53 

139.36 
139.26 
139.17 
139r06 
138.96 
136.86 
138.75 
138.65 
138.54 
138 44 

139iC5 

PZfPl 

1.0000 
1.1196 
1.2449 
1 3755 
1.5219 
1.6542 
1.8023 
1 9562 
2.1158 
2.2814 
2.4526 

’ 2.6297 
2.8127 
3 .0014 
3.1960 
3.3963 
3.6025 
3.8146 
4.0325 
4.2562 
4.4857 
4.7211 
4.9624 
5.2094 

12 /11  

1.0000 
1.0333 
1.0658 

1.1294 
l e  1609 
1.1925 
1.2.243 
1.2563 
1.2886 
1.3214 
1.3546 
1.3883 
1 4227 
l a 4 5 7 6  
1 4932 
1.5294 
1 5664 
1 E041  
1.6425 
1.6817 
1.7216 
1.7624 
1.8040 

1.0977 

07/01 

1.0000 
100841  
1.1693 
1.2550 
1.3413 
1 A 2 8 1  
1.5150 
1.6020 

1.7751 
1 8609 
1 e9461 
2.0305 
2.1139 
2.1964 

i .688r  

2.2777 
2.3578 
2.4368 
2.5144 
2.5906 
7 €654 

2.8108 
2.8813 

2.7389 

P12/PTl 

1.0000 
r9999 
.9989 

9928 
0 9 8 7 1  

9698 
9582 

.9448 
9298 

.9132 
8951 

.a759 
,8555 
.a343 
.8124 
.?a98 
m7669 

7436 
e7202 
a 6967 
m6733 
.6500‘ 

.996r 

91 94 

TTP/TTt  

1.0000 
1.0000 
1.0000 

.9999 
.9998 
m9996 
.9993 
.9990 

.9983 . 9978 
9972 

9961 
.9954 
.9947 

9940 
.9933 

9926 
.9918 
,9911 
,9903 
.. 98 % 
.9888 

.998r 

.9967 

012/OTl 

1.0000 
0 9999 
.9989 

9967 
09928 
e9870 
.9793 

9696 
,9561 
9446 
9295 
9129 . 8948 . 8755 
8552 

,8338 
a 8116 
a7892 

7662 
7429 

e 7194 
6959 

. -6725 
6492 

LAST POINT A T  SATURATION BOUNDARY 



Ill 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1 e15 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 

I. 0 0 0 0  
.9997 
.9 995 
.9995 
,9996 
9996 

.9997 
9996 
.9997 
9 996 
.9997 
.9997 
.9997 
,9997 
9996 

,9997 ' 

.9997 
9996 
9996 

.9997 

.9997 
9996 
9996 
9996 

1.0000 
1.0000 
,9999 
,9995 
.9991 
,9988 
9985 
9983 
.9980 
,9979 
.9977 
.9975 
.997k 
.9973 
9972 
.9971 
.9970 
-9970 
9969 
e9969 
9968 
9968 
9968 
9968 

1 .0000  
1.0fi05 
1 . 0 0 0 8  
1 . 0 0 1 1  
1 .0012  
1 .0013  
1 . 0 0 1 4  
1 . 0 0 1 3  
l . O O l 2  
1 . o n i r  
1 . 0 0 0 9  
1,0006 
1.0003 
.9999 
.9995 
.7991 
9986 
.9181 
-9976 
e 9971 
9965 
9960 
,9955 
9949 

1 . 0 0 0 0  
1 . 0 0 0 1  
1 .0002  
,9999 
,9998 
.9997 
.9996. 
.9995 
.99.94 
,999b 'I 

,9994 
,9994 
.9994 
.999k 
.9994 
,9994 
.999c 
.9994 
,9995 
.9995 
,9995 
a9996 
9996 
,9997 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
.9999 
.9999 
.9998 
.9997 
9996 

.9995 

.9994 
9992 

.9990 

.9988 
9986 

.9984 

1 . o o o o  
1 .0000  
1 .0000  
,9999 
e 9998 
.9996 
.9993 
.9990 
.9987 
,9983 
,9978 
9972 
9967 
-9961 
.9954. 
,9947 
994 0 

.9933 
9926 

.9918 

.9911 
e9903  
~9896 
-9888 

1.0000 
1 .0000 
1 .0000  
1 .0000  
1.0000 
1.0000 
.9999 . 9999 
.9999 
09998 
.9997 

.9995 
09994 
,9993 
.9991 
.9989 
.9987 
09985 
.9983 
09980 . 9971 
.9974 
.9971 

,9997 

LAST POINT AT SATURATION BOUNOPRI 



-.L 

c 
0 

til 

1.00 
1.05 
l e 1 0  
1.15 
l e 2 0  
1 .25  
1 e30 
l e 3 5  
1.40 
1.45  
1.50 
l e 5 5  
1.60 
l e 6 5  
1 .70  
1 - 1 5  
1.80 
1.85 
l e 9 0  
1.95 

ti2 

1 . 0 0 0 0  
-9526 
.9111 

8746 
-8417 
-8123  
-7856 
e7615 
.7394 
.7192 
e7007 
-6838 
-6681 
-6536 
-6402  
06278 
a6162 
-6054 
.5953 
.5859 

PZ 
hTH 

4.2320 
4 .4666 
4 6720 
‘4.8481 
4 9972 
5 .1192 
5.2151 
5.2856 
5.3322 
5 .3563 
5 .3595 
5 .3421 
5 .3082  
5.2581 
5.1938 
5.1158 
5.0287 
4.9310 
4 . 8 2 5 2  
4 .7126  

TABLE V I e  REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN A t  T T l  = 140 K 

0 .  P l l  = 8 .  A T M  O T L  20.750 KGH/!43 

1 2  
K 

116.16 
118.01 
119.60 
120 96 
122.16  
123.20 
1 2 4 e l l  
124.90 
125.59 
126.19  
126 .72  
127.17 
127 .56  
127.90 
128.19 
128.44 
128 .65  
128.82  
1Z8.97 
129.09 

0 2  
KGH/t43 

13 .173  
13 .691  
14 .135  
14 .504  
14 ,805  
15.037 
15 .203  
1 5 . 3 0 5  
15 .348  

15.269 
15 .153  
14 .996  

15 .334  

14 .801  
14 .571  

14 .025  

13.390 

16 -31  1 

13.717 

13 .048  

PT2 
h l n  

8.0.010 
7.9998 
7 .9921 
1 .9745  
7 .9414 
7.8977 
7. 8363 
7 .7594 
7 .6671 
7 .5602 
7 .4396 
7 .3053  
7 .1509 
7 .0068 
6 .8438 
6 .6738  
6 .4979 
6.3170 
6 .1329 
5 0  9463 

TT2  
K 

140.00 
1 4 0 . 0 0  
139 .99  
139 .98  
139.95 
139 .91  
139 .85  
139.79 
139.70 
139 .61  
139 .50  
139 .38  
t39 .25  
139 .12  
138 .97  
138 .82  
130 .66  
138 .50  
138 .33  
138 .16  

P2/P1 

1 .0000 
1.1195 
1.2444 
1 e 3746 
1 .5107 
1.6525 
1 . 8 0 0 2  
1 .9536  
Z#Ll28 
2.2718 
2.4486 
2.6251 
t . 8 0 7 6  
2 .9957 
3.1898 
3 .3895 
3.5952 
3 .8067 
4.0240 
4 .2471 

1 2 / 1 1  

l e 0 0 0 0  
1 .0336 
1.0663 
le09E3 
1.1301 
1 .1617 
1.1933 
1.2250 

1.2892 
1.3218 
1.3548 
1 .5883 
l e 4 2 2 3  
1 .4568 
1.4920 
1 5277 
1.5642 
l e 6 0 1 3  
l e 6 3 9 1  

1.2570 

0 2 / 0 1  

1 . 0 0 0 0  
1.0841 
1 .1691 
1.2546 
1 .3408 
1.4274 

1 e6011 

1 7740 

1 .9449 

1.5143 

1.6877 

1.8598 

7 .0293 
2.1127 

2.2765 

2.4357 

2.1952 

2 e3567 

2.5134 
2.5897 

PT2/P11 

l e 0 0 0 1  
I .  0 0 0 0  

.9990 
9968 
9929 
9872 

.9795 
e 9699 

. .9584 
9450 

.9299 
9132 
8951 

.I3758 
e 8555 

8342 
.a122 

7896 
7666 
7433 

t T 2 / 1 1 1  

l e O O O O  
1 . 0 0 0 0  

.9999 

.9998 
-9996 
.9994 
.9990 
.9985 
,9979 
-9972 
~ 9 9  64 
-9956 
.9947 
.9937 

9926 
-9916 
m9904 
.9893 
,9881 

9869 

D l Z / D t i  

1 .0001 
1.0000 

.9989 
9968 

e9929 
9871 
9794 
9698 

e 9582 
e 9447 

9296 
9128 
8946 

.a753 
e 8548 
.a335 
e 8114 
e 7888 

7657 
e 7423 

LhST POINT A T  Sh lURhl ION BOUNDARI 



N l  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1 a70 
1.75 
1.80 
1.85 
1.90 
1.95 

1.0000 
.9995 
.9993 
.9995 
.9995 
-9996 

9996 
9996 

a9996 
9996 

,9995 
.9995 
.9995 
.9995 
.9994 
.9995 
.9995 . 9 994 
.9994 
.9995 

1.0000 
1.0000 

.9995 

.9988 
99B3 

-9978 
.9973 

9969 
09966 . 
9963 
9960 
9956 

.9956 
0 9956. 

9952 
-9951 

9950 
.9949 
.9948 
9941 

I. 0 0 0 0  
1 . 0 0 0 7  
1.0012 
1.0016 
1.0018 
1.0020 
1.0020 
1.0020 
l*OOlO 
1.0816 
1.OllP 
1 . 0 0 0 7  
1.0002 

,9996 . . 
,9990 
.9982 
.9975 . 9967 
.9959 
.9958 

1.0000 
1 . 0 0 0 1  
1 .0000  

-9996 
.9994 
,9992 
.9991 1 -  

,9909, 
.99 8 B 7 ~ '' 
.9988.  
.998 8 
.9988 
,9986 

,9989 
.9989 
.9989 
,999 0 
999 1 

,9992 

* .9988. .  

1 .0001  
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0002 
1.0002 . 
1.0002 
1.0002 
1.0000 

.9999 
. r9998 

.9997 
09996 
.9994 
.9992 
09990 
09900 

. . ' - 

1.0000 
1.0000 

.9999 

.9998 
e9996 
,9994 
.9990 
.9985 
.9979' 
9972 
.9964 
-9956 
.9947 
.9937- - - 

9926 
.9916 
e9904 
.9893 
.9681 
9869 

1 . 0 0 0 1  
1 .0001  
1.0000 
1 .0001  
1 .0001  
1.0001 
1 .0000  
1.0000 
1.0000 

.9999 

.9998 

.9995 

.9994 

9990 
.9987 
0 9985 . 9982 

9978 
.99 75 

*i9992 . . - '  

LAST POINT A T  SATUSATION BOUNOARY 



M i  

1 .00  
1.05 
1 . 1 0  
1.15 
1.20 
1.25 
1 .30  
1 .35  
1 - 4 0  
1 e45 

1.55 
1.60 
1.65 
1.70 
1 - 7 5  
1.80 
1.85 

1 .50  

n2 

1 .0000  
a9525 
. g i l l  
,8745 
.841(1 
e8123 
e7856 
- 7 6 1 4  
.7393 
- 7 1 9 2  
a7007 
e6837 
e6600 
- 6 5 3 5  

640 1 
0 6 2 7 6  
e 6 1 6 1  
- 6 0 5 3  

P 2  
ATM 

5.?908 
5 .5845 
5 8400 
6.0597 
6.2458 
6 .3982 
6 .5179 
6 . 6 0 6 1  
6 6644 
6.6945 
6 .6904 
6 . 6 7 8 1  
6.6355 
6.5730 
6.4924 
6 .3961 

€.1633 
6 .2857 

TABLE V I .  

T2  
K 

116.04 
1 1 7  90 
119.49 
120 86 
122.05  
123.08  
123.98  
124.77  
125.44 
126.03 
126.53  
126.96  
1 2 7  I 37 
t27 .bJ 
127.R9 
128.11  
128.28  
178.42 

REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NflROGEN AT T T I  = 1 4 0  K 

E. P T l  = 10, ATU 011 = 26.376 KGM/N3 

D2 
KGUlM3 

16.752 
17 .412 

18 .442 
10 .8?4 
19 .118 
1 9 . 3 2 9  
19 .459 
19 .513 
19 .495 
1 9 . 4 2 1  
19 .267 
1 9 . 0 6 7  
18 .818 
1 8 . 5 2 5  
18.193 
17 .828 
17 .475 

17.973 

PT2 
ArU 

10.0003 
9.9986 
9 .9592 
9.9670 
9.9?83 
9. g r i i  
9. r 9 4 5  
9.6984 
9.5530 
9 .4494 
9.2987 
9.1323 
8 .9519 
8 .7589 
8. 5 5 5 3  
8. S4?3 
8.1220 
7 .8958 

TT 2 
K 

1 4 0 . 0 0  

1 3 9 . 9 9  

139.94 

1 4 0 . 0 0  

139.97  

139.89  
139.02 
139.73  
139.63  
139.51. 139.38 

139.23  
139.r17 

1 3 8 . 7 1  
138.90  

i 3 n . 5 2  
1 3 8 . 3 2  
1 3 8 . 1 2  

P 2 / P l  

1 . 0 0 0 0  
1 1.195 
1 2 4 4 0  
1 .3739 

1 .6523 
1 .7986 
1 .9517 
2.1106 
2.2752 
2 .4457 
2 .6219 
2.8038 
2 .9917 
3 .1853 
3 .3857 
3 .5900 
3 .8010 

I .  5 0 9 7  

LAST POINT A T  SATURATION BOUNDARY 

1 2 / 1 1  

1.0000 
1.0338 
1.0665 
1.0986 
1.1304 
1.1621 
1.1938 
1.2255 
1.2574 
1.2895 
1.3220 
1.3548 
1 . 3 8 8 1  
le4219 
1.4562 
1.4910 
1 5264 
I 5625 

0 2 / 0 1  

1.0000 
1.0842 
1.1680 
1.2542 
1.3403 
1 e4269 
1.5136 
1 a6004 
1 6 8 6 9  
1.7732 
1 .8589 
1.9440 
2.0283 
2.1118 
2.1942 
2.2756 
2.3559 
2 4 3 4 9  

P T 2 / P T l  

I. 0000 
.9999 
.9989 
9967 
9 9 2 8  
9871 

.9795 
a9698 
.9583 
. 9 4 4 9  

9 2 9 9  
- 9 1 3 2  

8 9 5 2  
.E759 . 8555 

8 3 4 2  . 8122 
e 7 8 9 6  

T T 2 / t T I  

1.0000 
1.0000 . 9999 . 9998 

.9995 
9992 

.9987 
09981 . 9974 
9965 
9956 . 9945 . 9933 
9921 . 9908 

09894 
e 98 80 
9866 

OT2/OTI 

1.pooo . 9999 
. 9 9 8 9  
9967 
9 9 2 8  

e 9870 . 9793 
9 6 9 7  
9 5 8 1  

e 9446 
e 9295 
,9128 
a 8 9 4 6  
.e753 
e 8548 . 8334 
* 8 1 1 3  
m7886 



U l  

1.00  
1.05 
1. IO 
1.15 
1.20 
1 - 2 5  
1.30 
1.35 
1.40 
1-45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80. 
1 -65  

1 e 0 0 0 0  
09993 
.9 993 
9994 
,9995 
e9995 
,9995 
.9 995 
.9995 
.9995 
.9994 
.9994 
.9994 
e 9993 
.9993 
e9993 
.9993 
,9993 

1 . 0 0 0 0  
1 .0000  
9992 
9983 

.9976 
9970 
9965 
9960 
9956 
.9952 
,9948 
9946 
9941 
9941 
.9938 
.9937 
,9935 
.9934 

1.0000 
1.3009 
1.0015 
1.0119 
1.0022 
1 .0024  
1.3024 
1.cJO21 
1.0021 
1 .0018  
1.0013 
l .OOQ8 
1.0081 
.9994 
e 9745 
9'376 
9966 
9956 

1.0000 
1.0002 

.9998 
,9991 
a9990 
,9988 
,9986 
.9965 
.9984 
9963 
.9983 
,9983 
.9903 
e 998 c 
,9984 
,998 5 
09986 
.9987 

1.0000 
1.000a 
1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1e0001 
1.0001 
1.0080 
1.0000 . 9999 . 9998 
9996 . 9994 
9992 

I 1.0000 
I 1.0000 
I 09999 . 
1 .9998 

,9995 
9992 
.998? 
9981 . 9974 
9965 
-9956 

I . 9945 
.9935 

I e9921 
1 e9908 
1 09894 

e 9880 
9866 

1.0000 
1.0000 
1.0000 1.0000 

1.0000 
1.0000 
i.OOOO 
e 9999 
e 9999 . 9998 
e 9997 
09995 
.9994 
e 9992 . 9989 
9986 

09983 
09980 . 

LLST POINT A T  SATURATION BWNOAPV 



M i  

1.00 
1.05 
1.10 
1 .15  
1.20 
1 e25 
1.30 
1.35 
1 a 4 0  
1 a 4 5  

TABLE V I .  REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN A T  111 = 140 K 

F. P T l  = 20. ATM O T l  = 57.991 KCM/ f l3  

M2 P2 T 2  0 2  O f 2  TT2 P 2 / P l  1 2 / 1 1  0 2  /Dl 
ATY K K G I i / I i 3  Art4 K 

1.0000 
,9518 
.9110 
.a747 

e8119 
. 0 4 i s  

- 7 8 5 1  
.7608 
.7387 
- 7 1 8 5  

LO. 5867 
11.1755 
11.6752 
12.1123 
12.4826 
12.7875 
13.0277 
L3.2058 
13.3247 
13.3857 

115.54 
117.44 
119.01 
170.38 
l ? l  e57 
122.58 
123.44 
124.16 
174.77 
125.26 

36 .991 
38.448 
39.657 
40.683 
41.518 
42.164 
62.627 
42.914 

42.991 
43.035 

20.0016 
19.9980 
19.9306 
19.9368 
19.0606 
19.7495 
19.5974 
19.4072 

18.9115 
19.1766 

140 e 0 0  
140.00 1 3 9  L 9 8  

139.94 
139.88 
139.18 
139.65 
139.48 

139.04 
139.28 

1.0000 
1.1189 
1.2412 
1.3695 
1.5035 
1.6433 
1.7887 
1 9398 
2.0966 
2.2591 

1.0000 
1.0344 
1.0673 
1.0997 
1.1318 
1.1635 
1 0 1 9 5 1  
1.2266 
1.2581 
10 2897 

1.0000 
1.0836 
1.1668 
1.2512 
1 3364 
1.4220 
1.5079 
1 5939 
1.6799 
1.7656 

PT2/PTI  

1.0001 
.9999 
.9990 

9 9 6 8  
9930 

.9874 

.9799 
e9704 
s 9 5 8 9  
- 9 4 5 6  

TTE/TT l  

1.0000 
1.0000 . 9999 

9 9 9 6 .  . 9991 
.9984 
.9975 
- 9 9 6 3  
a9948 ' 

9932 

DTP/OTI  

1.0000 
9999 

s 9990 
9968 
9930 
9 8 7 4  

e9798 
9703 . 9589 
9456 

LAST POINT AT SbTURATION BOUNDARY 



1.00 
1.05 
I .  10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 

TABLE V I .  M I L - G A S  NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT T T I  = 140 K 

F. P T l  = 20. ATM D T I  = 57.991 KGMlM3 CONCLUDED 

n 2  P2/P1 T P / T l  0 2 / 0 1  P T 2 / P T l  T T 2 / T T I  D T 2 / D t l  
(--------------------------- DELATIVE T O  IOSAL DIATOti IC GAS VALUE--------------------------) 

1 . 0 0 0 0  
9986 
9992 
9992 
9992 
9991 
9990 

.9988 
s 9986 
.9985 

1 . 0 0 8 0  

.9969 
9951 

.9935 
9922 
9910 
9899 

.9890 

.9881 

.999\(( 
I. G O O 0  
1.01)15 
1.0022 
1.0029 
1.0033 
1.0036 
1.0835 
1.0033 

1.0019 
1.0027 

1 .0000 
,9997 
e9981 
e9970 
e9961 
.9954 
.99c 8 
,9945 

9942 
e9941 

1 .0001  
1.0000 
1 .0001  
1.0002 
1 .0002  
1.0004 
1.0005 
1.0006 
1.0008 
I. 0008  

1.0000 
1.0000 

.9999 
9996 

.9991 

.9984 

.9975 
9 9 6 3  

.9948 
9 9 3 2  

1.0000 
1.0000 
1 . 0 0 0 1  
1 .0001  
1 .0002  
1.0003 
1.0005 
1.0006 
1.0007 
1.0008 

LAST POINT A T  SATURATION BOUNDARY 



M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
I e 4 0  
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1 .80  
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
n2.55 
2.60 

MZ 

1.0000 
9531 
-9117 
,8749 
842 0 
-8125 
.7857 
e7616 
.7395 
-7194 
-7010 

.6683 
-6539 

-6840 

640 5 
- 6 2 8 0  
6164 
e6056 
.5955 
-5861 
.5773 
e5690 
-5612 
.5539 
-547 0 
-5405 
.5344 
e5286 
a5231 
-5179 
e5130 
-5083 
-5038 

P 2  
All4 

-5283 
.5575 
.5832 
60 54 
6242 
63 95 
65 16 
6604 
6663 
-6693 
-6697 
-6677 

-6573 
66 35 

6493 
a6398 
-62 89 
-6168 
-6.0 37 
.5897 
5751 
.5599 
.5443 
-5285 
-5124 
.4 963 
-4801 
4640 

4324 
-4168 
40 16 
e3867 

-4481 

TABLE V I T .  

TZ 
K 

124.93 
126.87 
128.56 
130 02 
131.31 
132.44 

134.34 
135.13 
135.85 
136.49 
137.06 

138.06 
138.49 
138.88 
139.24 
139.57 
139.87 
140 14 
140 40 
140.63 
140.85 
141.05 
141.23 
141 41 
141.57 
141.72 
141.86 
141 e99 
142.11 
142.23 
142 -33 

133.45 

137.59 

REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NflRObEN AT T l l  * 150 K 

02 
K G M / H 3  

1.452 
1.508 
1.557 
1.598 
1.632 
I. 658 

1.688 
1.676 

1.692 
1.691 
1.684 
1.672 
1.655 
1.634 
1.609 
1.580 

1.516 
1.480 

1.549 

1.443 
1.40k 
1.365 
1.325 
1.284 
1.243 
1.202 
1.162 
1.122 
1.082 
1.043 
1.004 
-967 
-930 

PT2 
ATM 

l . . O O O O  
.9999 
.9989 
9967 

.9928 
9871 

.9?94 
9697 
9582 

.9448 
9298 
9132 
8952 

-8760 
.E557 
8346 
8127 

-7902 
7673 
7442 

e 7 2 0 8  
6974 
6741 

-6280 
-6054 

e5613 
-5400 
e5191 
.4988 
4791 
.4599 

-6510 

-5832 

011 = 

112 
K 

150.00 
150.00 
150.00 
150.00 
149.99 
149.99 
149.98 
149.98 
149.97 
149.96 
149.94 
149.93 
149.92 
149.90 
149.89 
149.87 
149.85 
149.84 
149.82 
149.80 
149.78 
149.76 
149.74 
149.73 
149.71 
149.69 
149.67 
149.65 
149.64 
149.62 
149.61 
149.59 
149.57 

2.289 K G W M 3  

PZ/Pl 

1.0000 
1.1196 
I. 2450 
1 3762 
1.5233 
1.6561 
I. 8048 
1.9593 
2.1196 
2.2857 
2.4576 
2.6354 
2.8190 
3.0084 
3.2037 
3.4048 
3.6118 
3.8245 
4.0431 
4.2675 
4.4978 
4.7339 
4.9758 
5.2236 
5.4772 
5.7366 
6.0019 
6.2731 

6.8328 
6.5500 

1.1214 
7.4159 
7.7162 

T W t l  

1.0000 
1. 0329 
1.0651 
1.0968 
1.1283 
1.1597 
1.1913 
I 2230 
1.2551 
1.2876 
1.3206 
1.3541 
1.3882 
1.4230 
1.4584 
1.4946 
1.5315 
1.5691 
1.6075 
1.6468 
I. 6868 
1.7277 
I. 7694 
1.6120 
1.8555 
1.8998 
1.9450 
1.9911 
2 .0381  
2.0 860 
2.1349 
2.1846 
2.2353 

02/01 

1.oooo 
1.0840 
1.1691 
1.2550 
1.3416 
1.4285 
I 5156 
1.6027 
1 6895 
1.7759 
1.8618 
I 9470 
2.0314 
2.1148 
2.1973 
2 -2786 
2.3587 
2.4376 
2.5151 
2.5913 
2 6661 
2.7394 
2.8113 
2.8817 
2.9506 
3.0 180 
3.0840 
3.1484 
3.2113 
3.2728 
3.3328 
3.3913 
3.4485 

Pf20PTl 

1.0000 . 9999 
0 9989 
9967 
9928 
9871 
.9794 
m9697 . 9582 
.9448 
.9298 
-9132 
8952 
8760 

.E557 
8346 
81 27 
7902 
7673 
7442 
e7208 
6974 
6741 
6510 
a6280 
60 54 
.5832 
e5613 
-5400 
.SI91 
.49,88 
4791 
.4599 

r w r i i  

1.oooo 
1.0000 
1.0000 
1.0000 
1.0000 . 9999 
.9999 
.9998 . 9998 
.9991. 
p 9996 
99995 
.9995 
.9994 
.9992 . 9991 
.9990 
.9989 
.9988 
.9987 
.9985 
.9984 
.9963 
.9982 
.9981 
.9979 
.9978 
.9977 
9976 
.9975 
.99?4 
.9973 
9972 

OT U O l l  

1. aooa . 5999 
2989 

e 967 
2928 
9870 . 9 9 4  

.%97 . 4582 . 9448 . 2298 
5132 . E952 . e759 

.657 

. 8126 
-7901 
7672 
7440 
7207 

.a73 . €740 . E508 
€279 . €053 
1830 . %I2 . 5398 . 1190 . 4987 

,4789 
e 4598 

. e345 

T i  NEAR TRIPLE-POINT TEMPERATUQE 



n i  

1.00 
1.05 
1 .10  
1.15 
1.20 
1.25 
1.30 
1 .35  
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1 - 0 5  
1.90 
1.95 
2.00 
2.05 
2 .10  
2.15 
2.20 
2.25 
2 .30  
2.35 
2 .40  
2.45 
2.50 
2.55 
2.60 

TABLE V I I .  REAL-GAS NOFHAL-SHOCK SOLUTIONS FOR NITROGEN AT 111 = 150 K 

A .  P T l  = 1. ATtl  011 = 2.289 KGnlP3  CONCLUOED. 

nz P Z / P l  T Z l T l  D E I  D l  PTZ/PTl  T t 2 / T t l  D T 2 / D T l  
(--------------------------- RELATIVE TO IOEAL DIATOtIIC GAS VALUE-------------------------) 

1 .0000  
1 . 0 0 0 0  
.9999 
.9999 
.9998 
.9 998 
.9997 
.9998 
.9997 
.9997 
,9998 
.9998 
.9998 
.9999 
.9999 
.9999 
,9998 
.9998 
.9998 
, 9  998 
.9999 
* 9999 
.9 999 
.9999 
.9999 
.9999 
.9999 
,9999 
.9999 
.9999 
.9999 
.9999 
.9999 

1 . 0 0 0 0  
1 . 0 0 0 0  
1 .0000  
1 . O O O G  
1 . 0 0 0 t  
.9999 
.9999 
-9998 
.9998 
.9998 
.9997 
.9997 
.9996 
-9996 
-9996 
-9996 
.9996 
.9996 
.9995 
.9995 
.9995 
.9995 
,9995 
. 9995  
,9995 
.9995 
.9995 
,9995 
.9995 
.9995 
.9995 
.9995 
.9995 

1 . 0 0 0 0  
1 . 0 0 0 1  
1 .0002  
1.0002 
1 . 5 0 0 3  
1 . 0 0 0 3  
1 . 0 0 0 3  

1 . 0 0 0 3  
l.rl'JO3 
1 . 0 0 0 3  
1 . 3 5 0 2  
1 . o o o z  
1. DO01 
1 . 0 0 0 0  
1 . 9 0 0 0  
,9999 
.9998 
.9998 
.9997 
-9996 
.9995 
.9994 
.9993 
9992 
9992 
-9991 
9990 
.9989 
,9988 
.9988 
.9987 
9986 

1 . 0 0 0 3  

1 . 0 0 0 0  - 
1 .0000  
1 .0000  
1.0000 
1 . 0 0 0 0  
1 .0000  
1 . 0 0 0 0  
.9999 
.9999 
.9999 
.9998 
.9998 
.9998 

.9998 
,9998 
.9998 
,9998 
.9998 
,9998 
,9998 
.9998 
-9998 
,9998 
.9998 
.9998 
.9998 
.9998 
,9998 
.9998 
.9998 
,9998 
,9999 

.9990 

1.0000 
1 .0000  
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .0000  
1 .0000 
1 . 0 0 0 0  
1.0000 
1.0000 
1.0000 
1.0000 
1 .0000  

.9999 

.9999 
-9999 
.9999 
.9999 
.9998 
.9998 
.9998 
.9997 
.9991 
.9997 

9996 
9996 

.9995 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9998 

.9998 

.9997 
9996 

.9995 

.9995 

.9994 
9992 

. 9 9 9 1  
-9990 
.9989 
.9988 
.9987 

9 9 8 5  
.9984 
. 9983  
.9982 

9981 
.9979 
.9978 
.9977 
9976 

.9975 

.9974 

.9973 
-9972 

1.0000 
1.0000 
1.0000 
1 .0000  
1.0000 
1.0000 
1.0000 
1.0000 1.0000 

1.0000 1.0000 
1.0000 

1.0000 
.9999 
.9999 
.9999 
.9999 

.9998 

.9998 

.9998 

.9997 

.9997 

.9997 
9996 
9996 

.9995 

.9995 

.9994 

.9994 

.9993 

.9993 
9992 

.9998 

T i  NEAR TRIPLF-POINT TEHPERATURE 

-.L 

t 
4 



tll 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 

1.40 
1.45 

1.35 

1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 

n2  

1 . G O O O  
.953c 
- 9 1 1 5  
- 8 7 4 6  
841 8 

- 0 1 2 3  
.?E57 
.7616 
.?395 
- 7 1 9 4  
.7OG9 
- 6 8 3 9  
- 6 6 8 3  
.6538 
.64G& 
-6280 
e6164 
- 6 0 5 6  
. 5955  
- 5 8 6 1  
- 5 7 7 2  

5690 
- 5 6 1 2  
.5539 
- 5 4 6 9  
-5404 
.5343 
- 5 2 8 5  
e5230 
- 5 1 7 8  
- 5 1 2 9  
- 5 0 8 2  

P2 
ATH 

1.5853 
1.6729 

1.8169 

1.9189 
1.9549 

1.7501 

1.8730 

1.9815 
1 9999 
2.0081 
2.0094 
2.0034 
1.9907 
1.9717 
1.9478 
1.9191 

1.8500 

1.7687 

1.6792 
1.6324 
1.5847 
1.5365 
1.2879 
1.4391. 
1.3911 

1.8863 

1.8106 

1.7248 

1.3432 
1.2959 
1.2493 
1.2235 

TPBLE VII. 

1 2  
K 

124.80 
126.75 
128.44 

131.20 
132.33 
133.32 

134.99 
135.69 
136.31 
136.87 
137.36 
137.81 
138.22 
138.58 
138.91 
139.20 
139.48 
139.72 
139.94 
140 - 1 4  
146 .32 
140.49 
14C. 65 
140.79 
140.91 
11.1.03 
141.14 
161 -24 
141.33 
141.42 

129.92 

134.20 

REAL-GAS NOPHAL-SHOCK S O L U t I O N S  FOR NITROGEN AT 111 = 150 K 

R. P T l  = 3. ATM 

0 2  
KGH/M3 

4.40 9 
4.581 
4.730 
4.855 
4.956 
5 .GZ4  
5.090 

5.11.0 
5.135 
5.114 

5.025 
4.959 
4.883 
4.797 
4.702 
4.600 
4.492 
4.379 
* a 2 6 1  
4.141 
4.019 
3.895 
3.771 
3.647 
3.524 
3.401 
3.280 

5.125 

5 . ~ 7 ~  

3.161 
3.G45 
2.930 

PT2 
ATt4 

3.0004 
3.0000 
2.9912 
2 9904 
2.9788 
2.9616 
2.9386 
2.9097 
7; 8'51 
2.8351 
2.7899 
2.7401 
2.6862 
2 .6280  
2.5671 
2.5036 
2.4379 
2.3704 
2.3017 
2.2321 
2.1620 
7.9918 
2.0217 
I. 9 5 2 1  
1.8832 
1.8152 
1.7484 
1. 6828 
1. 6187 
I .  5560 
1 4950  
I.  4357 

011 = 

TT2  
K 

150.00 
150.00 
150.00 
149.99 
149.98 
149.97 
149.95 
149.93 
149.90 
149.87 
149.84 

149.75 
149.71 
149.66 
149.61 
149.56 

149.00 

149.51 
149.+5 
149.%0 
149.34 
149.29 

149.17 
149.12 
149.07 

149.23 

149.01 
148.96 

148.86 

148.76 

148.91 

148. ni 

6.951 KGHlN3 

PZ/Pl .  

1.0000 
1.1196 
1.2449 

1.5129 
1.6554 

1.3761 

1.8038 
1.9580 
2.1181 
2.2839 
2.4556 

2.8164 

3.2005 
3.4013 

2.6331 

3.0055 

3.6079 
3.8204 
4.0387 
4.2629 
4.4928 
4.7286 
4.9702 
5.2177 
5.4711 
5.7302 
5.9952 
6.2661 
6.5428 
6.8253 
7.1137 
7.4080 

LAST POINT A T  SATURATION BOUNDARY 

1 2 / T l  

1.0000 
1.0 3 3 1  
1.0654 
1.0973 
1.1288 
1.1603 
1.1918 
1.2236 
1.2557 
1.2881 
1.3210 
1.3545 
1.3884 
1.4230 
1.4583 
1.4942 
1.5309 
1.5683 
1.6064 
1.6454 
1.6851 
1- 7256 
1.7670 
1.8092 
1.8523 
1.8962 
1.9410 
1.9867 
2.0333 
2.0808 
2.1291 
2.1784 

0 2 / 0 1  

1.0000 
1.0840 
1.1691 
1.2550 
1.3614 
1.4282 
1.5151 
1.6021 
1. E888 
1.7752 
1.8610 
1 - 9 4 6 1  
2.0305 
2.1139 
2.1963 

2.3577 
2.4365 
2.5141 

2.2776 

2.5902 
2 6650 
2.7384 

2.0807 
2.81G3 

2 -9496 
3.0171 
3.0830 
3.1475 
3.2105 
3.2720 
3.3320 
3.3906 

P T 2 / P l l  

1.0001 
1 ~ 0 0 0 0  

9991 
9968 
9 9 2 9  
9872 

.9795 
; 96 99 
.9584 

9450 
e9300 
91 3 4  

.e954 
8760 

.a557 

.a345 
a8126 

7 9 0 1  
- 7 6 7 2  

7440 
e7207 

6973 
- 6 7 3 9  
- 6 5 0 7  

6 2 7 7  
e 6 0 5 1  

5828 
5 6 0 9  
5396 
5 1  8 7  

.4983 
- 4 7 8 6  

TTZ/TT l  

1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9998 

.9997 

.9995 

.9993 
9991 

.9989 

.9986 

.9984 
9 9 8 1  

.9977 

.9974 
9971 
9967 
9963 
9960 
9956 
99 52 

.9949 

.9945 
9 9 4 1  

.9938 

.9934 
,9931 
.9927 

9924 
.9921 

9918 

DT 2 / 0 T l  

I. 0001 
1. 0000 

5991 
.2968 . 5929 
- 5 8 7 2  . E795 
.%99 

5 8 3  
9 5449 . 2299 

2132 

9 8758 . e555 

. e124 

.7899 
1669 

9 7437 
.7203 . €969 

€736 . €Sob . €274 . €047 
0 5824 
.9605 
.c392 

9183 
.4979 

4782 

. e952 

. e343 



n i  

1 .00  
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.53 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 

TARLF VII. REAL-GAS NORMAL-SHOCK SOLUTIONS.FOR NITROGEN AT 111 = 150 K 

e. PTI = 3. A T M  D T I  = 6.951 KGH/M3 CONCL UOEO. 

Y2 P Z / P I  T Z t T l  02 /01  PTZ/PTl  T T 2 / T T l  oT2/oTl  
(--------------------------- RELATIVE T O  IOEAL DIATOHIC GAS VALUE------------------------) 

1.0000 
.9999 
.9997 
.9995 
e9996 
a9996 
.9997 
.9997 
.9998 
.9998 
.999? 
.9998 
.9998 
.9998 
.9998 
.9998 
.9998 
.9998 
.999? 
.9998 
.9998 
.9998 
.9998 
.9999 
.9998 
.9998 
.9998 
.9998 
.9999 
.9999 
.9999 
.9999 

1 . 0 0 0 @  
1 . 0 0 0 0  

.9999 

.9997 

.9995 

.9993 

.9992 

.9991 

.9990 

.9989 

.9988 

.9987 

.9987 
9986 
998 6 
9985 
-9985 
9985 
.9984 
-9984 
-9984 
9984 
.9984 
.9981r 
m9984 
9984 
.9984 
.9984 
.9984 
9984 
9984 

i . o a o o  
i. o o o a  
1.0002 
1.0005 
1.0096 
1.0007 
1.0008 
1.0008 
1.0008 
1.0008 
1.0007 
1.0006 
1.0005 
1.0003 
1.0002 
1.0000 

.9998 
,9996 
.9993 
.9991 
.9988 
a9986 
9983 

.9981 
9978 
9976 

09973 
9970 
9968 

-9966 
9963 
9961 
.9959 

1 . 0 0 0 0  
1 .0000  

1 .0000  
.9¶98 
.9997 
9996 

e9996 
.9995 
,9995 
.9994 
.9994 
.9994 
.9994 
.9994 
.9993 
.9993 
.9994 
.9994 
.9994 
.9994 
.9994 
.9994 
.9994 
.9995 
,9995 
.9995 
,9995 
e9996 
-9996 
-9996 
.9996 

i . o o o a  
1 .0001  
1.0001 
1.0001 
1 .0001  
1 .0001  
1.0001 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0000 
1.0000 
1.0000 
.9999 
.9999 
.9998 
.9998 
.9997 
9996 
m9996 . 9995 
.9993 . 9992 . 9991 . 9990 
.9989 . 9988 
9986 
9985 

1.0000 
1.0000 
1.0000 
.9999 
.9999 
.9998 
.9997 
.9995 
.9993 
.9991 
.9989 
-9986 
.9984 
.9981 
.9977 
.9974 
9971 
09967 
9963 
m9960 
,9956 
9952 
.9*9 
.9945 
.9941 
9938 
.9934 
-9931 
-9927 
9924 
9921 
09918 

1 .0001  
1.0001 
1.0001 
1.0001 
1 . 0 0 0 1  
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
i.0000 

.9998 

.9997 

.9997 . 99% 

.99% 

.99w 
93% 
09993 
9992 
.9990 . 9989 . 9988 
9986 
-9985 
.9983 
0 9982 . 9989 . 9978 
09976 

LAST POINT AT SATURATION BOVNDARI 



M i  

1 .00 
1.05 
1.10. 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 

M2 

1 . 0 0 0 0  
e9529 
,9113 
-8746 
.Ob18 
-8123 
.7857 
-7615 
.7395 
a7194 
-7009 
-6839 
-6683 
.6537 
.6404 
a6279 
e6164 
-6055 
.5955 
-5860 
-5772 
e5689 
e5611 
.5538 
e5469 
-5404 
-5342 
e5285 

P2  
A Ttl 

2.6422 
2.7883 
2.9171 
3.0 279 
3.1212 
3.1975 
3.2575 
3.3017 
3.3310 
3.3462 
3.3482 
3.3382 
3.3171 
3.2862 
3.2462 

3.1437 
3.1984 

3.0831 
3.0173 
2.9474 
2.8740 
2.7980 
2.7198 
2.6402 
2.5596 
2.4786 
2.3976 
2.3169 

TABLE V I I .  

T2 
K 

124.68 
126.64 
128.34 
129.81 
131.09 
132.21 
133.20 
134.07 
134.85 
135.53 
136.13 
136.67 
137.14 
137.57 
137.95 
138.28 
138.58 
138.85 
139.08 
139.29 
139.48 
139.65 
139.80 
139.93 
140.05 
140.16 
140  -26 
140 34 

REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT T T I  150 K 

C e  P f l  = 5 .  ATY 

02 
KGWH3 

7.441 
7.732 
7.983 
8.193 
8.363 
8.495 
8.589 
8.647 
8.671 
8.664 
8.628 
8.565 
8.477 
8.368 
8.239 
8.094 
7.933 
7.760 
7.577 
7.386 
7.187 
6.984 
6.777 
6.568 
6.358 
6.148 
5.939 
5.733 

PT 2 
ATM 

5e0001 
4.9993 
4.9946 
4.9034 
4 . 9 6 4 0  
4.9354 
4.8970 
4.8489 
4.7913 
L. 7245 
4.6494 
4.5663 
4.4764 
4.3801 
4.2787 

4.0632 
3.9506 
3.8359 
3. 7198 
3.6029 
3.4856 
3.3686 
3.2525 
3.1375 
3.0240 
2.9123 
2.8029 

4.1728 

D T l  = 11.727 KGM/M3 

TTZ 
K 

150.00 
150 - 0 0  
150.00 
149.99 
149.97 
149.95 
14% 92 
149.88 
149.84 
149.78 
149.73 
149.66 
149.59 
149.51 
149.43 
149.35 
149.26 
149.17 
149.0 8 
148.99 
148.90 
148.81 
148.71 
148.62 
148.53 
148.44 
148.35 
148.26 

P 2 / P l  

1 .0000  
1.1196 
1.2449 
1.3757 
1.5123 
1.6546 
1.8027 
1.9567 
2.1165 
2.2821 
2.4535 
2.6307 
2.8137 
3.0026 
3.1973 
3.3977 
3.6040 
3.8162 
4.0342 
4 .2580  
4.4876 
4.7232 
4.9645 
5.2117 
5.4647 
5.7236 
5.9804 
6.2589 

T2 /T l  

1.0000 
1.0 333 
1.0657 
1.0977 
1.1293 
1.1608 
1.1924 
1.2242 
1.2562 
1.2886 
1.3214 
1.3548 
1.3886 
1.4231 
1.4581 
1.4939 
1.5303 
1.5674 
1.6053 
1.6439 
1.6833 
1.7235 
1 e7645 
1.8063 
1.8490 
1.8925 
1.9369 
1.9821 

02/01 

1.0000 
1.0840 
1.1691 
1.2548 
1.3411 
1 4277 
1.5146 
1.6014 
1.6881 
1.7744 
1.8601 
1.9452 
2.0295 
2.1129 
2.1952 
2.2765 
2.3566 
2 -4354 
2.5130 
2.5891 
2.6639 
2.7373 
2.8092 
2 8797 
2.9487 
3.0161 
3.0821 
3.1466 

PT 2/PTl  

1.0000 
.9999 
.9989 

9967 

9871 
.9794 

9698 
.9583 
.9449 

9299 
-9133  

8953 
8760 

.a557 
8346 
8126 

- 7 9 0 1  
7672 
m7440 

7206 
- 6 9 7 1  
m6737 
-6505 
-6275 

6048 
5825 
5606 

. w e  

TTP/TTl 

1.0000 
1.0000 
1.0000 

.9999 . 9998 

.9997 

.9995 

.9992 
0 9989 

9986 
.9982 
.9977 
.9973 

9968 
-9962 
.9957 
- 9 9 5 1  
.9945 
e9939 
.9933 

9927 
.9920 
-9914 
-9908 

9902 
998% . 9890 
.9884 

DT 2IOTl 

1.0000 
.5999 . 5989 

5967 
,5928 

5870 . 5794 
.5697 
. s a 2  
.5448 

5297 
4131 
C950 

.a758 

.as55 . (342 
e C123 . 7897 

7668 
e 7435 

7 2 0 i  
s €966 

€732 
e €500 . €269 
e €042 
e 5819 

5600 

LAST POINT AT SATURATION BOUNDARV 



M i  

1.00 
1 .05  
1.10 
1.15 
1.20 
1.25 
1.30 

1.40 
1.35 

1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.9C 
1.95 
2.00 
2.05 
2. i c  
2.15 
2.20 
2.25 
2.30 
2.35 

TABLE V I I .  REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT T l l  * 150 K 

C.  P T l  = 5. A T M  D T I  = 11.727 KGWM3 CONCLUOEO. 

H2 P Z / P l  T 2 l T l  0 2 / 0 1  PT2/PT l  TTZ/TT l  OTt /OTl  
(--------------------------- RELATIVE T O  XOEAL DIATOMIC GAS VALUE-------------------------- ) 

i . e o o o  
.9997 
.9995 
.9995 
.9995 
-9996 
,9997 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 
.3997 
.9998 
.9997 
.9997 
.9997 
.9998 
.9 997 
.9997 
.9997 
.9997 
.9998 
.9997 
.9997 

1 .oooo 
1 . 0 0 0 0  

.9999 
-9996 
.9993 
.999c 
.9988 
.9985 
,9984 
.9982 
.9980 
.9979 
,9978 
.9977 
-9976 
* 9975 
,9974 
.9974 
.9973 
.9973 
.9973 
* 9972 
.9972 
.9972 
,9972 
,9912 
.9972 
.9972 

1.0000 
1 . O O O l r  
1.0008 
1.0010 
1.0012 l.0011 

I. 0013 
1.0013 
1.0912 
1 . 0 0 1 1  
1.0009 
1.0007 
1.0005 
1.0002 

.9999 

.9995 
9 9 9 1  

.9988 

.9983 

.99?9 

.9975 
- 9 9 7 1  
- 9 9 6 6  
- 9 9 6 2  
.9958 
.9953 
.9949 
.9945 

1 . 0 0 0 0  
1.0000 
1 . 0 0 0 0  

,9996 
.9996 
,9994 
.9993 
.9992 

9991 
e9990 
.9989 
.9989 
.9989 
.9989 
.9989 
.9989 
.9989 
,9989 
.9989 
.9989 
-9990 
-9990 
e9990 
.9991 
a9991 
.9992 
.9992 
.9993 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0000 
1.0000 

.9999 
,9999 
.9998 
.9997 

9996 
.9995 
.9993 

9 9 9 1  
.9990 . 9988 

9986 
9984 

i.ooao 

1.0000 
1.0000 
1.0000 

.9999 

.9998 

.9997 

.9995 

.9992 

.9989 
9986 

e.9982 
.9977 
.9973 
-9968 

9962 
.9957 
9951 

.9945 

.9939 

.9933 
9927 
9920 

-9914 
.9908 

9902 
-9896 
.sa90 
,9884 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.OOQO 
.9999 
.9999 
.9999 
9998 

.9998 

.9997 
-9996 
.9995 
-9994 

9992 
.9991 
.9989 
.9987 
.9985 
9983 
9981 

.9979 
9976 
.9973 

LAST POINT AT SATURATION BOUNDARY 



H i  

1 .CO 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 

M2 

1.0000 
e9527 
.9111 
.E745 
- 8 4 1 8  
-8.123 
e7856 
e7615 
.7394 
- 7 1 9 3  
- 7 0 0 8  
- 6 8 3 8  
- 6 6 8 2  
- 6 5 3 7  
- 6 4 0 3  
e6278 
.61€2 
- 6 0 5 4  
.5954 
. 5 8 5 9  
- 5 7 7 1  
- 5 6 8 8  
- 5 6 1 0  
.5537 
-5468 

P2 
A T M  

4.2282 
4 . ~ 6 2 4  
4.6h83 
4.8444 
4.9935 
5.1157 
5.2117 
5.2821. 
5.3293 
5.3537 
5.3510 
5.3411 
5.3074 
5.2579 
5.1940 
5.1174 
5.5299 
4.9327 
4.8274 
4.7154 
4.5977 
4.4756 
4.3503 
4.2226 
4.3933 

TABLE V I I .  

T2 
K 

124.49 
126.47 
120.17 
129.64 
13C .'32 

133.02 
133.88 
134.63 
135.29 
135.37 
136.38 
136.82 
137.21 
137.54 
137.83 
138.19 
130.31 
138.50 

138.80 
130.91 
139.01 
139.09 
139.16 

132.09 

138.66 

REdL-GAS NO'HAL-SHOCK SOLUTIONS FOR NITROGEN d T  T T I  = 150 K 

0. P T l  = 8.  ATM 

52 
KGHlH3 

12.141 
12.617 
13.026 

13.643 
13.857 
14.010 

14.145 

13.366 

14.1;5 

14.133 
14.073 
13.970 
13.827 
13.648 
13.437 
13.199 

12.654 
12.937 

12.355 

11.717 
11.384 
11.046 
10.704 
10.360 

12.041 

PT? 
A T M  

8.0006 
7.9993 
7.3917 
7.9740 
7.9431 
7. 0974 
7. 9361 
7.7593 
7.6672 
7.5604 
7.440 2 
7.3374 
7.1635 
7.0195 
E. 8472 
6.6775 
6.5018 
6.3216 

5.9516 
5.7541 
5.5762 
5.3086 
5.2021 
5 . 0 1 7 1  

6.1379 

DT1 = 19.120 KGHlH3 

1 1 2  
K 

151.00 
150.00 
149.99 
149.78 
149.36 
149.92 
149.87 
149.81 
149.74 
149.66 
149.56 
149.46 
149.35 
149.22 
149.10 
148.96 
148.92 
148.68 
148.53 
143.39 
148.24 
148.09 
147.94 
147.79 
147.64 

P 2 / P I  

1 .0000  
1.1195 
I '447 
1.3750 
1.5112 
1.6532 
1 . R O l O  
1.9545 
2.1139 
2.2791 

2.6269 
2.5094 

3.1920 
3.3920 
3.5979 
3.8095 
4.0270 
4.2504 
4.4795 
4.7146 
4.9554 
5.2022 
5.4548 

?.4501 

2 9978 

LAST POINT AT SATURATION BOUNDARY 

T 2 / T l  

1.0000 
1.0335 
1.0662 
1.0982 
1.1299 
1.1615 

1.2249 
1.2570 
1.2893 

1.1932 

1.3220 
1.3551 
1.3888 
1.4230 
1.4577 

1.5292 

1.6033 
1.6415 

1.4931 

1.5659 

1.6803 
1.7200 
1.7604 
1.8017 
1.9437 

0 2 / 0 1  

1.0000 
1.0840 
l . l E 8 9  
1.2543 
1.3404 
1.4269 
1.5136 
1.6003 
1 6868 
1.7730 
1.8586 
1.9436 
2.0278 
2.1111 
2.1934 
2.2746 

2.4335 
2.5111 

2.3547 

2.5873 
2.6621 
2.7356 
2.8075 
2.878G 
2.9471 

PTP/PTl  

I. 0 0 0 1  
.9999 

9990 
- 9 9 6 8  

9929 
9872 

.9795 
- 9 6 9 9  
- 9 5 8 b  

9 4 5 1  
e9300 

9 1 3 4  
.a954 

8762 
.a559 
.E347 
- 8 1 2 7  
e7902 

7672 
.7439 
a7205 
- 6 9 7 0  

6736 
.6503 

6272 

TTZ/ TT 1 

1.0000 
1.0000 
1.0000 

.9999 

.9997 

.9995 
9991 

.99n7 

.9983 

.99?7 
-9971 

9964 
9956 

.9948 
9940 

- 9 9 3 1  
9922 

- 9 9 1 2  
e9902 
-9892 

9882 
- 9 8 7 2  
e9862 

9852 
.9843 

01 P/OTl 

I. aooo 
.2999 
e 5989 

2967 
5929 

e 2871 
.2794 
.%98 
.5583 
.4449 

5298 
5132 . e951 . e758 

. e342 . e122 

. e555 

.7897 
1667 

.7433 
- 7 1 9 9  

€963 
€729 . €495 
€264 



M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 

1.55 
1.50 

1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2. io 
2.15 
2.20 

TABLE V I I .  REAL-GAS NOPMAL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  = 150 K 

D. PT1 = 8 .  ATM 011 = 19.120 KGMlH3 CONCLUDED. 

n2 P2 /P1  T2/Tl 02/01 P T 2 / P T l  T T L / T T l  OT2 / D T l  
(--------------------------- RELATIVF TO IDEAL OIATOt’iIC GAS VALUE-------------------------- 

1.0000 
9996 

.9993 

.9995 

.9995 
-9996 
9996 
9996 

-9996 
-9996 
-9996 
9996 
9996 
-9996 

9996 
I ,9996 

,9996 

-9996 
-9996 
.9995 
9996 
a9996 
-9996 

- .9995 
.9995 

1.0000 
1.COOG 
.9997 
.9991 
9986 
.998 1 
,9978 
.9974 
-9971 
-9969 
-9966 
.9964 
-9962 
,9961 
.9959 
.9958 
.9957 
-9956 
.9955 
.9955 
.9955 
.995L 
.9954 
.9954 
.9954 

l.(JOOO 
1.0006 
1.0011 
1.0114 
1.0017 
1.0018 

1.0019 
1.0018 
1.0016 
1.0013 
1.0010 
1.0006 
1.0001 
-9996 
-9990 
.9984 
.9978 
. 9 9 7 1  
-9965 
.9958 
-9950 
,9943 
-9936 
-9929 

i.aoi9 

1.0000 
1.0000 
-9998 
.9994 
-9991 
.9988 
e9966 
.9984 
.9983 
-9982 
a9981 
-9981 
-9980 
.9980 
998 0 

.9980 
,9981 
-9981 
9982 
,9982 
.9983 
.9984 
.9984 
,9985 
-9986 

1.0001 
1.0001 
1.0000 

1.0001 
1.0001 
1.0001 
l.OOG2 
1.0002 
1.0002 
1.0003 
1.0003 

1.0002 
1.0002 
1.0002 
1.0001 
1.0000 
.9990 
.9997 
.9995 
.9993 
-9991 
.9988 
.9985 

1.0001 

1.0003 

1.0000 
1.0000 
1.0000 
.9999 
.9997 
.9995 
9991 
.9987 
.9983 
.9977 
9971 

-9964 
9956 

.9948 
a 9940 
9931 
9922 

e9902 
e9892 
.9882 
,9872 
-9862 
a9852 
.9843 

-9912 

1.0000 
1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.0001 1.0001 

1.0000 
1.0000 
1.0000 

.9999 

.9998 

.9997 
-9996 
.99% 
.9993 
9991 
.9988 
9986 

.9983 
-9980 
.9977 
.9973 

CAST POINT AT SATURATION BOUNOAQY 



ni 

1 . 0 0  
1 .05  
1 . 1 0  
1 . 1 5  
1 .20  
1 .25  
1 .30  
1 . 3 5  
1.40 
1 . 4 5  
1 .50  
1 .55  
1.60 
1 .65  
1.70 
1.75 
1 .80  
1 . 8 5  
1.90 
1 .95  
2 .00  
2 .05  
2.10 

n2  

1.0000 
a9526 
-9111  
-8746  
08418 
-8123  
,7056  
-7614  
.7394  
a7192 
-7008 

6681 
.bas8  

.6536 
-640  2 
a6277 
e6162 
,6053 
.5953 
.5859 
,5770 
e5687 
-5610 

P2 
ATM 

5.2 858 
5.5790 
5 .8353 
6.0552 
6 .2416 
6.3941 

6 .6016 
6 .6603  
6 .6909  
6 .6951 
6 .6753 
6 .6335 
6 .5714 
6 .4911 
6 .3960 

6 .1649 

5 .8928 
5 .7456 
5 .5928 
5 .4359 

6 .5130 

6 .2864 

6.0331 

TABLE V I I .  

1 2  
K 

124.37  

128 06 
126.36 

129.53 
130 e 0 1  
131.93  
132.90 

134 .49  
135.14 
135.70 

136.60 
136 .97  

137.54 

137.95 
138.11 
130.23 

133 .75  

136 18  

137 .28  

137 .76  

138 .34  
138 .42  
138.48 

REAL-GAS NORNAL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  150 K 

0 2  
KtH/H3 

15 .383  
15 .907  

16 .934  
16 .503  

17 .2  84 
17 .555  
17 .745  
17 865 
17 .916  
17 .901  
17 .825  
17 .694  
17 .522  
17 .285  
17 .019  
16 .716  
16 .384  
1 6 . 0 2 5  
15 .645  
15 .247  
14 .835  
14 .413  
13 .903  

PT2 
ATH 

LG. 4015 
9 .9999 
9.9905 
9 .9684 
9.9298 
9 .0728 
9.7948 
9 .6988 
9 .5938 
9.4505 
9 .3003 
9 .1344 
0.9543 
8.7621 
8.5588 
8 .3467 
8 .1271  
7.90 1 4  
7.6715 
7.4386 
7 .2037  
6 .9684 
6.7337 

D T l  = 24.212 KGM/N3 

TT2 P2/Pl  
K 

150.00 1.0000 
150.00  1 .1195 
149 .99  1 .2443  
149 .98  1 .3744  
149 .95  1 .5104  
149.90  1 .6521 
149.04 1 . f 9 9 7  
149 .77  1.9530 
149.68  2 .1121 

149.45  2 .4476  
149.32  2 .6241 
149.18  2 .8064  
149.03  2 .9944 
1 4 8 . 8 7  3.1883 
148.70 3.3880 
148.53  3 .5934 
148.35  3 .8048 
148.17  4 .0220 
147.98  4 .2449 
147 .79  4 .4738  
147.60 4 .7085 
147 .42  4 .9491  

149.51  2 .2770 

LAST P O I N T  AT SATURATION BOUNOfiRI 

T2/T1 

1 . o o c o  
1.0337 
1.0664 
1.0 985 

1.1619 
1.1936 
1.2254 
1 .2574 
1.2896 
1.3223 
1 .3553 
1.3688 
1 4228 
1 .4574 
1.4925 
1 .5283 
1. 5648 
1 .6019 
1.6397 
1.6782 
1.7175 
1.7575 

i. 1303 

02/01 

1.0000 
1.0840 
1.1686 
1 .2539 
1 .3399 
1.4262 

1.5994 

1.7719 
1.8574 
1.9423 

1.5128 

1 .6858 

2.0265 
2.1097 
2.1920 
2.2732 
2.3533 
2.4322 
2.5097 
2 -5860 
2 .6608 
2 7343 
2 8063 

P T 2 / P T l  

i. a o o z  
1.0000 

9991 
9968 
9930 

.9813 . 97 95 
9699 

.9584 - 9450 
9300 
91 34 

.a954 
8762 

.a559 

.E347 
-8127  
07901  

7672 
.7439 
a7204 

6968 
6734 

1.oooo i, coo1 

i . oooo  
1 .0000 1. a000 . 5990 

.9998 -5968 
9996 5929 

.9993 -5872  

.9989 . 4794 
9984 4698 

.9978 5582 
9971 . 4449 

-9964 5298 
,9955 5132 

.9935 . (758 
-9925 .@555 
99 14 (342 

98 90 7896 
.9878 7665 
-9865 7432 
.9853 7197 

9840 €961 
.9828 €726 

.9945 . e951 

,9902 . e122 



M i  

1.02 
1.05 
1.10 
1.15 
1.20 
1.25 
1.70 
1.35 
1.4c 
1.45 
1.50 
1.55 
1.60 
1.65 
1.7G 
1.75 
1.81 
1.85 
I. 90 
1.95 
2.00 
2. G5 
2 . 1 9  

TABLF V I I .  REAL-GAS NOFMAL-SHOCK SOLUTIONS FOR NITROGEN AT T T I  = 1 5 0  K 

E. PTI = in. A T W  011 = 24 .212  K G f l / M 3  CONCLUDED. 

M ?  P 2 t P 1  T 2 t T l  D Z / D l  P T E I P T I  1 1 2  / 111 O T Z / O t I  
(--------------------------- RELATIVE TO I D E N  DIATOMIC GAS' VALUE----------------------- 1 

1.0930 
.9994 
.999? 
.9995 
.99% . 9996 
.9 996 

9996 
.¶!I96 
.9995 . 9996 
.9995 
.9995 
.9995 
.9994 . 9 995 
.9995 
.99¶4 
,9994 
.9 995 . 9 994 
.9994 
.9994 

1.0000 
1 . o o o o  

.9994 

.9986 

.9981 

.9975 
,9970 
-9966 
.9963 

9966 
.9956 
.9¶54 . '3952 
.9950 
.9948 
-9946 
.9945 
-9941. 
,9943 
,9947 

9942 
-9941 
,9941 

1 . 1 0 0 0  
l . i l 0 0 8  
1 .3 r J l3  
1.0317 
1 . 0 1 2 0  
1.5922 
1.01323 
1.9123 
1.0021 
1.0019 
1.3015 
1.0011 
1.0506 
1.0000 

.9394 
-9986 
.9979 
.9171 

9 9 6 2  
.9954 
.9945 
. 9936  
,9927 

1.0000 
1.0000 
,9996 
-9991 
,9987 
.9964 
,9981 
.9979 
.9977 
-9976 
.9979 

.997:, 

.9974 

.9974 

.9974 

.9975 
-9976 
9976 
.9977 
.9978 
.9979 
,9960 

.99r4 

1.0002 
1.0001 
1.0001 
1.0002 
1.0002 
1.0002 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0003 
1.0003 
1.0003 
1.0002 
1.0001 
1.0000 
.9999 
.9997 
.9995 
.9993 
-9990 
.9988 

1.0000 
1.0000 
1.0000 

.9998 
9996 

.9993 

.9989 

.9984 
e9978 
9971 
9964 

.9955 

.9945 

.9935 
9925 

.9914 

.9902 

.9890 

.9878 
9865 
9853 

e 9 8 4 0  
.9628 

1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9¶99 

.9998 

.9997 
9996 

.9994 
9992 

.9989 

.9987 

.9983 

.9980 
9976 

LAST POINT A T  SATURATION BOUNDARY 



! 

H i  

1.00 
1.55 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 

1.55 
1.50 

1.60 
1.65 

1.75 
1.7C 

H 2  

1 . 0 0 0 0  
- 9 5 1  8 
.911@ 
. R 7 4 4  
.du16 
. R l Z O  
.7853 
- 7 6 1 0  
- 7 3 9 0  
.718R 
.7OC3 
.6832 
- 6 6 7 5  
- 6 5 3 0  
,6395 
- 6 2 7 1  

P 2  
A . 1  Pl 

lC.5E.39 

11.6539 
12.3714 

11.15 35 

12.+626 
12-76?!  
13.:187 
13.187ir 

13.3 7 07 

13.345s 
13.2643 

13.3071 

13.3822 

13.1429 
1 2  9 8 5.2 
12.7955 

T A B L E  VII. 

T2 
K 

1?3.8* 
125.87 
127.56 
129.63 

131.41 
132.35 

13C. 31 

133.16 
i33 .n+ 

I ~ L . R ~  
1 3 4 . 4 1  

135.27 
135.58 
135.91 
175.99 
136.11 

REAL-GAS NOFMAL-SHOCK SOLUTIONS FOR N I r R O t E N  AT T T l  = 150 K 

F. P T l  = 20. ATM D T l  = 51.941 KCWH3 

02 
KGfl/Y3 

33.174 
34.427 
35.509 
36.427 
37.174 
37.753 
38.168 
38.427 
38.536 
38.506 
38.347 
38.068 
37.680 
37.195 
36.621 
35.970 

PT2 
AT4 

70.0007 
19.9971 
19.9792 
19.9355 
19.8593 
19.7467 
19.5963 
19.4165 
19.1739 
18.9148 
l8 .5163 
1 9 . 2 8 7 0  
17.9284 

17.1701 
17.5443 

16.7135 

TT 2 
K 

150.00 
150.00 
149.98 
149.95 
149.89 
149.81 

149.55 
149.37 

148.94 

148.40 
148.10 
147.78 
147.44 

149.69 

149.17 

148.68 

P 2 / P l  

1.0000 
1.1193 
1.2421 
1.3710 
1.5056 
1.6459 

1.9437 

2.2642 
2.4331 
2.6078 
2.7882 
2.9745 
3.1665 
3.3643 

1.7919 

2 . i n i i  

T 2 / T I  

1.0000 
1.0343 
I. 0672 
1.0996 
1.1317 
1.1635 

1.2269 
1.1952 

1.2586 
1.2905 
1.3226 
1.3549 
1 3876 
1.4207 
1.4542 
1.4880 

0 2 / 0 1  

1.0000 
1.0836 
1.1667 
1.2509 
1.3359 
1.4213 
1 5070 
I 5928 
1 6784 
1.7638 
1.8488 
1.9333 
2.0172 
2.1002 
2.1824 
2.2636 

PT2/  P T l  

1.0000 
.9999 
.9990 

9968 
- 9 9 3 0  
.9873 
.9798 
0 9 7 0 3  
.95 89 
.9457 
.9308 

9 1 4 3  
8964 
8772 
8 5 6 9  

.a357 

T T U T T I  

1.0000 
1.0000 .9999 

.9997 

.9993 

.9987 
0 9979 
0 9970 
.9958 
.9944 

9 9 2 9  
- 9 9 1 2  
.98 93 
.9873 
-9852 
-9830 

OT 2/ O t  i 

I. 0000 . 4999 
.5990 

5968 
5929 . 5873 
5798 
4704 . 9 9 0  . 5458 
5309 
9145 
8966 

0 e774 
b 7 i  
8358 

LAST POINT a T  SATURATION BOUNDARY 



ni 

1. to 
1.05 
1.10 
1.15 
1. Zt 
1.25 
1.30 
1.35 
1.40 
1 e45 
1.50 
1.55 
1-60 
1.65 
1.70 
1.75 

TABLE V I I .  RFAL-GAS NOFM4L-SHOCK SOLUTIONS FOQ NITROGEN AT T T I  I 150 U 

F. P T 1  = PO. A T M  D T I  = 51.941 KGHlM3 CONCLUDED. 

l T 2 / T l l  0 1 2 / 0 1 1  %2 PZ/Pl T t l T l  02/01 P T Z / P T I  
(--------------------------- RELATIVE TO IDEAL DIATOMIC GAS VALUE--------------------------) 

1. c c o c  
.9987 
.9992 
.9993 
.9993 
.9993 
-9992 
-9991 
-9990 
.9989 
.9988 
.9987 
.9986 
.9985 
.9994 
.9984 

1.0000 
.9998 
.9977 
e9962 
.9949 
,9937 
.9928 
991 9 

-9911 
990$ 
.9897 
-9892 
.9887 
-9863 
e9880 
,9877 

1.0000 
1.0014 
1.0921 
1.0028 
1.0333 
1.1)036 
1.0036 
1.0335 
I. 0031 
1.0025 
1 . 0 3 1 8  
1.3008 
.9997 
.9985 
-9971 
9956 

1.0000 
-9996 
,9979 
-9967 
.9958 
.9949 
.9943 
.9938 
.9934 
9931 

e9929 
e9928 
.9928 
-9929 
,9930 
.9932 

1.0000 
1.0000 
1.0000 
1.0001 
1.0002 
1.0003 
1.0004 
1.0006 
1.0008 
1.0010 
1.0011 
1.0013 
1.0014 
1.0014 
1.0014 
1.0013 

~ 1 . 0 0 0 0  
1.0000 
.9999 
.9997 
.9993 
.9987 
.9979 
9970 

.9958 

.9944 
e9929 
.9912 
.9893 

.9852 
9830 

.9873 

1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0002 
1.0005 
1.0006 1.0008 

1.0010 
1.0012 
1.0014 
1.0015 
I. 00 16 
1.0016 
1.0015 

LAST POINT AT SATURATION BOUNDARY 



n i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
L.35 
1.40 
1.45 
1.50 

142 

1.0000 
,9518 
-9109  
-8742 
-9412 
e8116 
.7847 
m7603 
- 7 3 8 1  
e7178 
.5992 

TABLF VfI. REAL-GAS NORHOL-SHOCK SOLUTIONS FOR NITROGEN AT TT l  = 150 K 

t. P T l  = 30. OTM DT l  = 84.460 KGM/M3 

P2 T 2  02 PT2 TT 2 P2 /P l  72/11 02/01 P 1 2 / P l l  
ATW K KGM/H3 ATM K 

15.9033 
16.6762 
17.4184 
18. 'I692 
18.6252 
19. J846 
19.4506 
19.7256 
19.9139 
2C 3 198 
20 0477 

123.46 
125.49 
127.18 
128.65 
129.91 
130 a99 
l f l . 9 1  
132.67 
133.30 
133.80 
134.20 

54.228 
56.321 
58.058 
59.534 
60.743 
61.683 
62.365 
62.797 
62.993 
62.966 
62.7219 

3C.OOf7 

29.3706 

29.7966 

29.4136 
29.1365 

29.9964 

29.9667 

29.6324 

28. a041  

27.9763 
28.4156 

150.00 
150.00 
149.98 
149.93 
149.85 
149.73 
149.57 
149.36 
l l 9 . 1 1  
148.82 
148.49 

1.0000 
1.1179 
l .2390 
1.3660 
i. 4988 
1.6371 
1.7810 
1.9306 
2. 0858 
2 2467 
2.4132 

1.0000 
1.0344 
1.0674 
1.0998 
1.1318 
1.1635 
1.1949 
1.2262 
1.2575 
1.2668 
1.3201 

1.0000 
1.0818 
1.1632 
1.2456 
1 3288 
1.4125 
1.4966 
1.5808 
1.6652 
1 7495 
1.8335 

1.0001 
.9999 
0 9990 

9969 
-9932 
.9877 

9405 
9712 

- 9 6 0 1  
9472 
9325 

1121 tt 1 

1.0000 
1.0000 . 9999 . 99%. 

.9990 
-9982 

9971 
-9957 . 

9961 
09921 
.9899 

O t  21011 

l e  0008 
0 5999 
e 5991 

5969 
0 933 
e 2879 
0 5808 
0 5718 
e 5603 
e 5482 
-5338 

LAST POINT A T  SATUP,ATION BOUYDAQI 



n i  

1 00 
1 .05  
1.10 
1 . 1 5  
1.20 
1.25 
1.30 
1.35 
1.46 
1.45 
1 - 5 0  

TABLE V I I .  RFAL-GAS NOJHAL-SHOCK SOLUTIONS FOR N I T R O G E N  AT T T l  = 1 5 0  K 

G. P T l  = 3G. ATt4 D T l  = 84.460 K G M / 1 3  CONCLUOEO. 

3 2  PZ/Pl  T 2 / T l  D Z / D l  T T 2 / T T l  OT2 /OTl  PT 2 /PT 1 
(--------------------------- R E L A T I V E  T O  IOCAC DIATObl IC GAS VALUE-------------------------) 

1 . 0 0 0 0  
.9986 
e9990 
- 9 9 9 1  
.9989 
.9987 
,9984 

9982 
.9979 
- 9 9 7 6  
.9973 

1. O O O J  
.9985 
,9952 
.9926 
.99c 
,9886 
-9867 
.9R52 
.9839 

9817 
.9az7 

1.?000 
1.0915 
1.0023 
1.0929 
1.3034 
I. 0035 
1.3034 
1.3030 
1.0322 
1 .0012 

.9999 

1 . 0 0 0 0  
998 0 

.9949 
-992 5 
.9905 
,9888 
,9874 
- 9 8 6 3  
.9855 
.9955 
. 9 8 i 7  

1. O O G l  
1 .0000  
1 . 0 0 0 1  
1.00c2 
1.0004 
1.0007 
1 . 0 0 1 1  
1.0015 
I. 0 0 2 0  
1 .0025  
1 .0030  

1.0000 
1.0000 

.9999 
,9995 

9990 
- 9 9 8 2  
e 9971 
.9957 

9 9 4 1  
- 9 9 2 1  
.9899 

1.0000 
1.0000 
1 . 0 0 0 1  
1.0002 
1.0005 
1.0009 
1 . 0 0 1 s  
1.0021 
1.0029 
1.0036 
1.0043 

LAST P O I N T  AT SATUSATION BOUNOAQY 



Hi 

1.00 
1.05 
le10 
1.15 
1.20 
1 a25 
1.30 
1.35 
1.40 
1.45 

l e 5 5  
1.60 
1.65 
l a 7 0  
1.75 
1.80 
1.85 
l e 9 0  
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
.2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 

1.50 

nz 

1.0000 
e9531 
-9117 
-8749 
-8421  
-8125 
.7858 
07616 
.7395 
-7194 
.7010 
-6840 
e6683 
e6539 
e6404 

628 0 
-6164 
-6056 
-5956 
-5861  
.5773 
e5690 
-5612 
.5539 
-5470 
-5405 
.5343 
-5286 
-5231  
,5179 
e5130 
e5083 
-5039 
e4996 
-4956 
-4918 
.4881 
.(to47 
e4814 
-4782 

e5282 
.5574 

5831 
6 053 
6240 

e6394 
e6514 
-6603 

6662 
6692 
6697 
6677 
6635 

e6573 
-6493 
-6398 
e6289 
e6268 
-6037 
.5898 
-5751  
~ 5 6 0 0  
.5444 

5286 
5125 

-4964 
e4802 

4642 
e4482 

4325 
e4170 
- 4 0 1 8  
e3869 
a3723 
e3581 
,3443 
e3308 
-3178 
03052 

2930 

1 2  
K 

145.76 

149.99 

153.20 
154.53 
155 70 
156074  
157.68 
158.51 

159.94 

161.11 

148.03 

151.70 

159.26 

160.55 

161.62 
162.08 

162.89 
163.25 

162.50 

163.58 
1 6 3 . ~ 8  
164.16 
164.42 
164.66 
164.89 
165 e 1 0  
165.29 
165.47 
165.64 
165.80 
165.95 

166.22 
166.09 

166.34 
166.46 
166.57 
166.68 

166.87 
166.96 

166.78 

T4BLE VIII. RE4L-GAS NORYAL-SHOCK 5OLUTIONS FOR NITROGEN AT 111 = 175 K . 

n. PTI = i. ATM 

02 
KGH/t43 

1.241 
1.290 
1.332 
1.367 
1 395 
1.417 
1.433 
1.443 

1.446 
1.440 

1.447 

1.430 
1.415 
1.397 
1.376 
1 352 
1.325 
1.296 
1.266 
1.234 
1.201 
1.167 
1.133 
1.098 
1.064 
1.029 

.994 
960 
926 
892 

.859 

.8?7 
-796  

765 
- 7 3 6  
,707 
- 6 7 9  

651  
,625 
-600 

PTZ 
A rtl 

1.0000 
.9999 

9967 
9928 

e9871 
.9794 

9697 
9582 

.9448 

9132 
8952 
8760 

.E558 
8346 
8127 
7903 
7674 

.7443 
e7209 

6976 
6743 

- 6 5 1 1  
6282 

-6056  
.5833 
e5615 
,5402 

5193 
4990 
.4793 
-4602 

441 5 
e4236 

40 62 
.3894 
.3732 
,3577 

3427 

.9909 

. 9 s a  

DTI = 

112 
K 

175.01 
175.00 
175.00 
175.00 
175.00 
174.99 
174.99 
174.98 
174.97 
174.97 
174.96 
174.95 
174.94 
174.93 
174.91 
174.90 
174.89 
174.87 
174.86 
174.85 
174.83 
174.82 

174.79 
174.78 
174.76 
174.75 
174.74 
174.72 
174.71 

174.69 

i irr.8a 

174.70 

174.67 
174.66 
174.65 
174.64 
174.63 
174.62 
174 6 1  
174.60 

1.958 KGt4lH3 

PZ/Pl 

1.0000 
1.1196 
1.2450 
1,3762 

1.6561 
1 , 8 0 4 9  
1.9594 
2.1198 
2.2859 
2.4579 

1.5133 

2.6357 
2.8193 
3.0088 

3.4052 
3.6122 

3.2041 

3.8250 
4.0436 
4.2681 
4.4984 
4.7345 
4.9765 
5.2243 
5.4780 
5.7375 
6.0028 
6.2739 
6.5509 
6 8337 
7.1224 
7.4169 
7.7172 

8.3354 
8.6532 
8.9769 

11.0234 

9.3066 
9.6417 
9.9829 

T 2 / T l  

1.0000 
1.0329 
1.0651 
1.0968 
1.1282 
1.1597 
101912 
1.2230 
1.2550 
1.2876 
1.3205 
1.3541 
1.3882 
l e  4230 
1.4585 
l e 4 9 4 7  
1.5316 
1.5693 
1 6078 
1 6471 
106872  
1.7282 
1.77UO 
1 e 8126 
1.8562 
l e 9 0 0 6  
1.9459 

2.0392 
2.0872 
2.1361 
2.1859 
2.2366 
2.2883 
2.3409 
2.3944 
2.4489 
2.5043 
2.5607 
2.6180 

1.9921 

02/01 

1.0000 
1.0840 
1.1690 
1.2549 
1.3415 
1.4284 
1.5154 
1.6025 
1 6893 
1.7757 
1 8615 
1 9467 
2.0311 
2.1145 
2.1969 
2.2782 
2.3583 
2.4372 
2.5247 

2 6656 
2 -7390 
2.8108 
2.8812 
2.9501 
3.0175 
3.0834 
3.1479 

2.5909 

3.2108 
3.2723 
3.3323 
3.3908 
3.4479 
3.5036 
3.5580 
3.6109 
3 6626 
3.7129 
3 7619 
3 8097 

. .  

P T 2 / P T l  

1.0000 
9999 

,9989 
-9967 

9928 
9871 

,9794 
9697 
95 82 

.9448 
9298 
9132 
8952 
8760 

.a558 
8346 

sa127 
,7903 

7674 
.7443 

7209 
6976 
67'43 
65 11 
6282 

-6056 
.5833 

5615 
e 5 4 0 2  

5193 
4990 

.4793 
4601 
4415 
4236 
40 62 

.3894 
-3732 
.3577 

3427 

? "  

TT2/ TT 1 

1.0000 
1 . 0 0 0 0  
1.0000 
1.0000 1.0000 

1.0000 
.9999 
.9999 
.9999 
,9998 
.9998 
.9997 

9996 
-9996 
e 9995 
.9994 
.9994 . 9993 

9992 
09991 
a 9990 

9990 
-9989 
.9988 
.9987 
e 9986 

9986 
.9985 
09984 
.9983 
.9983 

9982 
.9981 
.9981 
.9980 
09980 
.9979 
-9978 
.9978 
.9977 

OT2/OTl  

1.0000 
e 9999 
0 9989 

9967 
.9928 
e 9871 . 9794 

9697 
9582 

.9448 

.9298 
m9132 

8952 
8760 

.a558 
8346 
8127 
7903 

.7674 . 7 443 
7209 
6976 
6743 

-6511  
e6281 

6055 
.5833 
e 5615 

5401 
~ 5 1 9 3  
e4990 
.4793 
-4601  

4415 
4235 

-4062 
.3894 

3732 
-3576 

3426 



n i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2,s 

1 . 0 0 0 0  
1 . 0 0 0 0  

.9 999 

.9999 

.9999 

.9998 
,9998 
.9998 
.9998 
.9997 
.9998 
.9998 
.9998 
.9998 
,9998 
.9 998 
.9999 
.9999 
,9999 
.9999 
.9999 
.9999 
.9 999 
.9999 
.9998 
.9998 
.9999 
.9999 
.9999 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1. O P O O  
1.0000 
1.0000 

.9999 

.9999 

.9 999 

1.0000 
1:0000 
1.0000 
i.0000 
1 . 0 0 0 0  
1.0000 
.9999 
.9999 
,9999 
,9999 
.9998 
.9998 
.999e 
.9998 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 
,9996 
a9996 

9996 
9996 
9996 

9996 
9996 
9996 
-9996 

9996 
.9997 

9997 
.9997 
,9997 
,9997 
.9997 
.9997 

-9996 

1.0000 
1 . 0 0 0 1  
1 .0001 
1 .0002 
1.0002 
1 . 0 0 0 2  
1 .0003 
1 . 0 0 0 3  
1.0003 
1.0003 
1.0003 
1 .0002 
1 .0002  
1 .0002 
1 . 0 0 0 1  
1 .0001 
1.0000 
1.0000 
1.0000 
.9999 

9998 
.9998 
,9997 
.9997 

9996 
9996 

.9995 

.9995 

.9994 

.9994 

.9993 
,9993 
,9992 
,999.2 
.9992 
.9991 

9 3 9 1  
9990 

.9990 

.9990 

1.0000 
1.0000 

9999 
.9999 
.9999 
.9999 
.9998 
.9998 
,9998 
,9998 
.9997 
.9997 
.9997 
.9997 
9996 
9996 

e9996 
e9996 
-9996 
e9996 
-9996 
,9996 
e9996 
9996 
,9996 
-9996 
e9996 
.9997 
.9997 
,9997 
,9997 
.9997 
.9997 
.9997 
.9997 
.9997 
,9997 
,9997 
.9997 
.9998 

1 . U O O O  
1.0000 
1.0000 
1.0000 
1.0000 
1 .0000 
1.0000 
1.0000 
1.0000 
1 .0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 . 0 0 0 1  
1.0001 
1 . 0 0 0 1  
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 
9999 

9999 
09998 
.9998 
.9998 
.999? 

b9999 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
.9999 
.9999 
.9999 

9998 
,9998 
.9997 
.9996 

9996 
.9995 
.9994 
.9994 
.9993 
9992 

.9991 

.9990 

.9990 

.9989 

.9988 

.9987 
e9986 

9986 
.9985 
.9984 
.9983 
.9983 

9982 
.9981 
.9981 
.9980 
.9980 
.9979 
.9978 
.9978 . 9977 

1.0000 
1.0000 
1.0000 1.0000 

1.0000 
1.0000 
1 .0000  
1.0000 
1 .0000  
1.0000 
1.0000 
1 .0000  1.0000 

1 .0000  
1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1 . 0 0 0 1  
1.0001 1 .0001  

1 .0000  1.0000 

1.0000 1.0000 

1.0000 

1.0000 

1.0000 
,9999 
.9999 
,9999 
.9999 
.9998 
.9998 
.9998 
.9997 
.9997 



M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2 e25 
2.30 
2.35 
2.40 
2 e45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 

M 2  

1.0000 
-9530 
~ 9 2 1 6  
.8748 
m8418 
e8123 
.7857 
e7615 
.7395 
e7194 
e7009 
-6839 
a6683 
06538 
a640 4 
-6280 
m6164 
06056 
.5955 
,5861 
.5773 
e5690 
-5612 
.5539 
e5470 
,5405 
.5344 
m5.286 
a5232 
e5179 
e5130 
-5083 
-5038 
e4996 
e4956 
a4918 
e4881 
-4846 
,4813 
e4781 

PZ 
ATH 

1 5845 
1 6719 
1 7492 
1.8158 
1.8722 
1.9181 
1.9541 
1.9807 
1.9983 
2.0075 
2.0088 
2.0029 
1.9903 
1 9718 
1 9480 
1.9194 
1.8867 
1.8505 
1.8112 
1.7694 
1.7255 
1 . 6 8 0 0  
1.6333 
1.5857 
1 5776 
1.4891 
1.4407 
1 3924 
1.3446 

1.2508 
1.2050 
1.1603 
1.1165 
1.0739 
1.0323 
e9920 
.9579 
9151 

.a784 

1.2973 

T2 
K 

145.64 
147.91 
149 e 8 8  
151 60 
153.10 
154.42 
155.59 
156.62 
157 e54 
158 e37 
159.11 
159.77 
160 37 
160091 
161 e40 
161 mR4 
162 .24  
162 61 
162.94 
163.24 
163.52 
163.78 
164.02 
164.23 
164.43 
164.61 
164078 
164.94 
165.09 
165.22 
165.35 
165.47 
165.58 
165.68 
155.78 
165887 
165.96 
166.04 
166.11 
166.19 

REAL-GAS NORH4L-SHOCK SOLUTIONS FOR NITROGEN AT T11 = 175 K 

02 
K G W H 3  

3.752 
3.899 
4.025 
4.132 
4.215 
4.284 
4.332 
4.362 
4.374 
4.371 
4.353 
4.321 
4.277 
4.223 
4.158 
4.085 
4.005 
3.918 
3.826 
3.730 
3.630 
3.528 
3.424 
3.319 
3.214 
3.108 
3.004 
2 . 9 0 9  
2.797 
2.696 
2.596 
2 499 
2.404 
2.322 
2.222 
2.134 
2.049 
1 967 
1 . 8 8 8  
1.811 

PTZ 
ATH 

3.0002 
2.9998 
?. 997u 
2.9903 
2.9786 
2.9614 
2.9’184 
2 9095 
2.8750 
2.8350 
2,7899 
1.7402 
7,6163 
2.6287 

2.5045 
2.4388 
2.3715 
2.3029 
2.23’14 
2.1634 
20 0932 
2.0232 
1.9537 
1 8849 
1.8170 
1.7502 
1.6647 
1.6?05 
I. 5579 
1.4970 

1.3801 
1.3743 
1.2703 
1.2281 
1.1677 
1.1191 
1.0724 
1.0773 

2.56ao 

i. 4376 

U T 1  = 

TT 2 
K 

175.00 
175.00 
175.00 

174.99 
174.98 

174.99 

174.96 
174.95 
174.93 
174.90 
174.87 
174.84 
174.81 

174.74 
174.78 

174.70 
174.66 
174.62 
174.58 
174.54 

174 46 
174.41 
174.37 

174.50 

174.33 
174.29 
174.25 
174.21 
114.17 

174.10 
174.06 
174.02 
173.99 
173.96 
173 93 
173.90 
173.87 
173 84 
173.81 

174.13 

5.915 K G W M 3  

F 2 / P l  

1.0000 
1.2450 1.1596 

,le3762 
1.5132 
1 6558 
1.8043 
1.9586 
2.1187 
2.2847 
Z.4565 
2.6341 
2.8175 
3r 0068 
3.2019 
3.4028 
3.6096 
3.8222 
4.0406 
4.2648 
4.4949 
4.7308 
4.9726 
5 2202 
5.4736 
5 7329 
5.9980 
6.2689 
6.5457 
6.8204 
7.1168 

7.7113 
7.4112 

8.0173 
9.3292 
8.6468 
8.9704 
9.2997 
9.6349 
9.9760 

72/71 

1.0000 
1.0330 
1.0653 
1.0971 
1.1287 
1.1601 
1.1917 
1 2235 
1.2555 
1.2880 
1.3210 
1.3545 
1.3886 
1.4233 
1.4587 
1.4947 
1.5315 
1 5691 
1.6074 
1.6465 
1 6864 
1.7272 
1.7687 
1.8112 
1.8545 
1.8986 
1.9437 
1.9896 
2.0364 
2.0842 
2.1328 
2.1823 
2.2328 
2.2842 
2.3365 
2.3898 
2.4439 
2.4990 
2.5551 
20 6121 

02/01 

1.0000 
1.0839 
1.1689 
1.2547 
1 3412 
1 4279 
1 5148 
1 6017 
1.6883 
1.7746 
1.8603 
1.9454 
2.0297 
2.1130 
2.1953 
2.2766 
2.3566 
2.4354 
2.5129 
2 -5890 
2 6638 
2.7371 
2.8089 
2 8793 
2.9482 
3.0157 
3.0816 
3.1460 
3.2090 
3.2705 
3.3305 
3.3891 
3.4463 
3.5020 
3.5564 
3.6094 
3.6611 
3.7114 
3.7605 
3.8083 

PTZ/QTl 

1.0001 
9999 

-9990 
9968 
9929 
-9871 
,9195 
9698 
.9583 
9450 
9300 
e9134 
8954 
8762 
8560 
.E348 

8129 
a7905 
7676 
.7445 
e 7211 
6977 

s 67k4 
6512 
.6283 
.6057 
.5834 
-5616 
-5402 
e5193 
4990 
4792 
e4600 
4414 
84234 
.bo60 
3892 
3730 
3575 
3424 

TTZ/TTl  

1 . 0 0 0 0  
1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9998 

.9997 
9996 

.9994 

.9993 

.9991 . 9989 

.9987 
e9985 
.9983 
.9981 . 9978 
9976 
.9974 
e9971 
9969 
e9966 
9964 
9962 . 9959 
.9957 
,9955 
.9953 
~9950 
e 9948 
9946 
9944 
9942 

e 9940 
.9939 
.9937 
.9935 
.9934 
e9932 

DTZ/DTl  

1.0000 
.9999 
.9989 
9967 
9928 

.9871 . 9795 
9698 
9583 
.9450 
e9300 
9134 
.E954 
8762 
8560 

.E348 
8129 
7905 
7676 
.7444 
7211 
,6977 
e6744 
e 6512 
6282 
6056 
.5834 
a5615 

5401 
5193 

.4989 
-4792 
a4600 
-4414 
.4234 
84060 
,3892 
3730 
.3574 
3424 



M i  

1 .00  
1.05 
1 .10  
1.15 
1.20 
1.25 
1.30 
1.35 
1 . 4 0  
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 

' 2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 

1.0000 
.9 999 
.9998 
.3997 
e9996 

9996 
.9997 
.9997 
.9998 
,9998 
,9997 
.9998 
.9998 
.9 991) 

9998 
.9999 
.9 998 
.9998 
,9998 

9 999 
,9999 
.9999 
.9 998 
.9998 
.9999 
,9999 
.9999 
.9999 
,9999 
,9999 
.9999 
,9999 
.9999 
,9999 
.9999 
,9999 
.9 999 
.9998 

9998 
,9 998 

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  

,9999 
.9999 
,9997 

9996 
,9995 
,9994 
.9993 
.9993 
.9992 
,9991 

.9990 

-9990 

.9989 
,9983 
,9989 
-9985 
.9988 
.9988 
,9988 
.9988 

9988 

9988 
.9988 
.9989 
.9989 
,9989 
.9989 
.9989 
,9989 
,9989 
.9989 

9990 
9990 

9991 

9990 

.99n9 

,9988 

1.0000 
1.0002 
1.0004 
1.0005 
1.0006 
1 s  0007  
1.0007 
1.0007 
1 0 0 0 0 7  
1 .0086  
1 .0006  
1.00'55 
1.0004 
1 . 0 0 0 3  
1.0002 
1 . 4 0 0 1  
1. 0 0 0 0  

.9997 

.9995 
,9993 

9992 
9990 

.9989 

.9987 

.9985 

.9984 

.9782 
e 9 9 8 1  
.9979 
,9978 
.9977 
.9975 
,9974 
.9973 
.9972 

9970 
9969 
9968 

e9967 

.999n 

1.0000 
9999 

.9998 

.9998 

.9997 
,9995 
.9994 
.9993 
,9992 
9991 
999 1 

e9990 
.9990 
.9989 
,9989 
.9989 
.9989 
,9989 
.9989 
,9989 
.9989 
.998 9 
.9989 

999 0 
.9990 
,9990 
.9990 

9991 
.9991 
e9991 
,9992 
9992 

e9992 
,9992 
.9993 
,9993 
,9993 
.9993 
,9998 
,9994 

1.0001 
1.0001 
1.0001 
i.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0002 
1.0002 
1.0003 
1.0003 
1.0003 
1.0003 
1.0003 
l o 0 0 0 3  
1.0003 
1.0003 
1.0003 
1.0003 
1 0 0 0 0 3  
1.0003 
1.0002 
1.0002 
1.0002 
1.0001 
1.0001 
1.0000 
.9999 

9999 
e9998 
.9997 
- 9 9 9 6  
09995 . 9994 
.9993 

9992 . 9 9 9 1  

1 ; o o o o  

1.0000 
1.0000 

.9999 

.9999 

.9998 

.9997 
9996 
.9994 
.9993 
.9991 
,9989 

9987 
.9985 
.9983 
.9961 
.9978 
m9976 
.9974 
.997f 

9969 
9966 
9964 
9962 

.9959 

.9957 
.9955 

..9953 
-9950 
.9948 
- 9 9 4 6  
.9944 

9942 
-9940 
.9939 

e9935 
09334 
.9932 

1.0000 

,993 r 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 1.0001 

I. 0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0002 1.0002 

1.0003 
1.0003 
1.0003 
1.0003 
1.0003 
1.0003 
1.0003 
1.0003 
1.0003 
i.0002 
1.0002 
1.0002 
1.0001 
1.0001 1.0001 

1.0000 
.9999 
09999 
.9998 . 9997 . 99% . 9995 
.9994 
e 9993 
9992 

.9991 
09990 



M i  

1.00 
l e 0 5  
1.10 
1.15 
1.20 
1 e25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 

1.70 

1.80 
1.85 
1.90 
1.95 
2.00  
2.05 
2 .10  
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2 a55 
2.60 
2.65 

2.75 
2.80 
2.85 
2.90 

1.65 

1.75 

2.70 

n2 

1 .0000  
e9530 
-9114 

.a418 
-8124 
.7857 
-7615 
.7395 

- 7 0 0 9  
e6839 
n6683 

e6404 
e 6 2 8 0  
e6164 
-6056 
.5955 
e5861 

.ark6 

. r i 9 4  

.6538 

.5 r72  
-5690 
-5612 
.5539 
,5469 
e5404 
.5343 
.5285 
e5231 
05179 
-5129  
e5083 
,5038 
e4996 
-4956 
. 4 9 i r  

. 484r  
, 4 8 8 1  

e4813 

P2 
ATH 

2 6405 

2.9145 
3.0257 

3.1956 
3.2557 
3.3001 
3.7295 
3.3448 
3.3470 
3.3373 
3.3164 
3.2857 
3.2460 
3.1985 
3.1441 

2.7864 

3.1191 

3.0837 

2.9487 

2.7998 
2.7219 
2.6425 
2.5623 
2.4815 

3.0183 

2.3756 

2.4007 
2.3202 
2.2404 
2.1616 
2.0839 
2.0076 
1.9329 
1.8600 
1 .I 888 
1 . ~ 1 9 6  
1.6523 
1.5871 
1 5239 

TABLE VIII. 

1 2  
K 

145.52 

149.78 
147.80 

151.50 
152.99 
154.31 
155.47 
156.50 
157.42 
158.23 

159.61 
158.96 

160.19 
160 e71 
1 6 1  . i r  
161.60 
161.98 
162 e32 
162.63 
162.91 
163.17 
163.40 
163.61 
163.80 
163.98 

164.28 
164.13 

1 6 4  -41 
164 53 
164.65 
164.75 
164.85 
164.94 

165.10 

165 23 
165.29 
165.35 

165.02  

165.17 

REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  = 175 K 

D2 
K G M / M 3  

6.303 
6 .549  
6.760 
6.938 
7.082 
7.194 
7.273 
7.323 

7.338 
7.308 
7.255 
7.182 
7.090 
6.981 
6.859 

7.344 

6.7?4 
6.578 
6.424 
6.262 
6.095 
5.9?4 
5 .749  
5.573 
5.396 
5.218 
5 0 4 2  
4.067 
4.694 
4.525 
4.358 
4.194 
4.035 
3.879 

3.582 
3.438 

3.167 

3 .728  

3.300 

PT2 
ATM 

5.0009 
5.0002 
4.9946 
4.9833 
4.9640 
4.9354 
4.8971 
4.8491 
4.7916 
4.7250 
4 . 6 5 0 0  
4.5671 
4.4777 
4.3514 
4.2002 
4.1145 
4 .a65i  
3.9429 
3. A385 
3.1225 
3.6058 
3.4889 

3.2563 
3.1414 
3.(1782 

3.3722 

2.9168 

2.7005 
2.5961 
2.4944 
2.3954 
2.2994 
2.2063 
2.1162 

2.8075 

7.0?91 
1.9450 
1 8641  
1.7661 

011 = 

1 1 2  
K 

175 e00  
175.00 
175.00 
174.99 
i r 4 . 9 8  
174.96 
174  e 94 
174.91 

174.84 
174.88 

174.79 
174.74 
174.69 

174.57 
174.51 
174.44 
1 7 4 . 3 7  
174.30 

1~4.16 
174.09 

173.95 
i73 .8e  

173.75 
173.68 

173.55 
173.49 

173.37 

174.63 

174.23 

174.02 

173e.2 

173.62 

173.43 

173.32 
171.16 
173.21 

173.11  
173.16 

173.06 

9.930 KGW/M3 

FE/PL 

1.0000 
1.1196 
1.24b9 
1 3760 

1.6552 
1.8035 
1.9577 
2.1176 
2 .2834  
2.4549 
2.6324 
2.8156 
3.0046 
3.1995 

1.5127 

3.4002 
3.6067 
3 8191  
4.0373 
4.2613 
4.4912 
4.7269 

5.2158 
5.4690 

5.9930 

4.9684 

5.7281 

6.2637 

6 .  ~ 2 2 1  
r . i i io  
6.540 3 

7.4052 
1.7052 
8 . 0 1 1 0  
8.3277 
9.6402 
8.9636 
9.2929 
9.6280 

12/11 

1,0000 
l e 0 3 3 2  
1.0655 

1.1290 
1.1605 
1.1921 
1.2239 
1.2560 
1.2815 
1.3214 
1 3549 
1.3889 
1.4235 

1.09r4 

i . 558r  
1.4947 

1.5687 
1.5313 

1.6069 
1.6458 
1 6855 
l a l 2 6 0  

1 .8096  
1.8527 
1 89€6 
1.9414 
1.9870 
2.0336 
2.0810 
2.1294 

2.2288 
2.2799 
2.7370 
2038b9 
2.4388 
2.4936 
2.5495 

1, 7674 

2.1787 

02/01 

1.0000 
1.0838 
1.1688 
1.2545 

1.4272 
1.5140 
1.6007 

1 3406 

1.6872 
1 7734 
1.8590 
1.9440 
2.0281 
2 1114 
2.1936 
2.2748 
2.3548 

2.5110 

2*€618  

2.4335 

2.5871 

z . 8 0 ~ 0  
2.8773 

2.7351 

2.9463 
3.0137 
3.0797 
3.1441 

5.26t77 
3.2071 

3.3287 
3.3874 
3.4446 
3.5004 
3.5548 

3 6596 
3.7200 
3 7592 

3.6078 

PT2/PTl 

1.0002 
1.0000 

.9989 
e9967 

992 8 
9871 
.9794 

9698 
.9583 

9450 
,9300 
91 34 

.a955 
8763 
8560 

. a349  
e8130 
, n o 6  

7677 
.7445 
.7212 
.6978 

6744 
, 6 5 1 3  
,6283  
.6056 
,5834  
e5615 

540 1 
, 5192  
-4989 

.45 99 
,4413  
e 4237 

4058 
,3890 

3728 
3572 

. 4 r 9 i  

TT2/TTl 

l e 0 0 0 0  

1.0000 
9999 

0 9999 
e 9998 

9996 
.9995 
.9993 

9991 
.9988 
.9985 
9982 
9979 

. 9 9 x  
9972 
9968 
9964 
9960 
9956 

e9952 
.9948 
,9944 

9940 
-9936 
,9932 
.9928 

99 25 
9921 

,9917 
9914 

e9910 
,9907 
-9904 
.9902 
.9898 
.98 95 
.98 92 
e 9889 

1B0000 

DTP/OTl  

1.0002 
1 . 0 0 0 0  

e 9989 
9967 

,9928 
.9871 
.9794 

9698 
e 9583 

9450 
-9300 

9134 
,8955 
e 8763 

8560 
.a349 
.E130 
e7906 

7677 

7211 
6978 
6744 
6512 

7445 

6283 
6056 

.5833 
,5615 

5401 
-5192 
4988 

,4598 
-4412 

4232 
e4058 
-3890 
e3728 

3572 

. 4 7 9 i  

LAST POINT A T  5ATURATION BOUNDARY 



. _- 

M l  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1 e45 
1.50 
1.55 
1.60 
1.65 
1.70 
1 a75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2 e40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 

TABLE V I I I .  REAL-GAS NORM4L-SHOCK SOLUTIONS FOP NITROGEN A T  T T l  = 1 7 5  K 

C .  P T l  = 5 .  ATH O T I  9.930 K G M / M 3  CONCLUDED. 

1.0000 
.9 998 
e9996 
.9995 
e 9996 

9996 
.9997 
.9997 
,9997 
9 998 
.9998 
.9997 
,9 998 
.9998 
.9998 
.9998 
,9998 

9998 
.9999 
.9998 
.9 998 
.9998 
,9999 
.9 999 
,9998 
.9998 
.9998 
.9999 
9999 
.9 999 
.9 999 
.9999 
.9999 
.9 999 
.9 998 

9998 
.9998 
.9999 
.9999 

1 . 0 0 0 0  
1 . 0 0 0 0  
1.ooorl 

.9998 
,9990 
.9994 

9992 
.9990 

9989 
.9988 
,9986 
.9906 
,9985 
,9984 
,9983 

9982 
-9982 

9981 
9981 

.9981 

9980 
9980 
998 0 
9980 

,9980 

.9980 
9980 
9980 

.9980 
-9980 
.9980 

9981 
.9981 
.9981 

9981 
.9982 

9982 
9982 

.9982 

1. r l o o o  
1 . 0 9 0 3  
1.0906 
1 .0000  
I. 0 0 0 9  
1.0010 
1.0011 
1 . 0 0 1 1  
l . O l t 1  
1.0010 
1 .0009  
1 .0008  
1 .0007  
1 . 0 ~ 0 5  

i . n o o i  
1 . 0 0 0 3  

.9998 
9996 

.9993 
9 3 9 1  

.9988 

.9986 
- 9 9 8 3  

9980 
.99?8 
.9975 

9972 
9770 
9967 
9965 
9962 
9960 

.9958 

.9955 

.9953 
9 9 5 1  
9950 

.9948 
- 9 9 4 6  

1.0000 
,9999 
,9997 
a9996 
.9993 
- 9 9 9 1  
,9989 
,9987 

998 6 
,9985 
.9984 
.998T 
,9982 
e9982 
,9981 
- 9 9 8 1  

998 1 
,9981 
e9981 
,9982 
.9982 
998 2 

e9982 
.9983 
.9983 
,9964 
.9984 
.9985 
,9985 
,9986 

998 6 
.9987 
,9987 
,998 8 
,9988 
09989 
.9989 
.9990 
.9990 

1.0002 
1.0002 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0001 

1.0002 
1.0002 
1.0002 
1.0003 
1.0003 
1.0004 

i . o o a i  

1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0003 
1.0002 
1.0002 
1 . 0 0 0 1  
1.0000 
.9999 
.9998 
a9997 

9996 
.99¶4 
.9993 
.99¶1 

9990 
.9988 

9987 
9985 

1.0000 
1.0000 
1.0000 

.9999 

.9999 
,9998 
9996 

.9995 

.9993 

.9991 

.9988 

.9985 
9982 

.9979 

.9975 
-9972 

9968 
,9964 

9960 
9956 
9952 

.9944 
994 0 

e9936 
9932 

e9928 
9925 
9921 
9917 

- 9 9 1 4  
9910 
9907 
9904 

.9901 

.9898 
9895 
9892 

.9889 

,99419 

1.00 02 
1.0000 1.0002 

1.0000 
1.0000 
1.0000 
1.0000 
1.0001 
1.D001 
1.0002 
1.0002 1.0002 

1.0003 
1.0003 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0003 
1.0002 1.0003 

1.00oi 
I. 0001 
1.0000 

9999 
e9998 
9997 

.9995 
9994 

.9992 

.¶991 
9989 

.9987 
9986 

,9985 

L A S T  POINT a i  SATURATION BOUNOARI 



T A R E  V I I I e  REAL-GAS NORMAL-SHOCK SOLUTIONS FOP NITROGEN AT T T I  = 175 K 

n i  

1.00 
1.05 
1.10 
1-15 
1.20 
1.25 
1-30 
1.35 
1.40 
I e45 
1.50 
1.55 
1 m60 
1.65 
1.70 
1.75 
1 .80  
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2 -35 
2 e 4 0  
2.45 
2.50 
2.55 
2.60 
P.65 
2.70 
2 e75 

H2 

1.0000 
-9528 
.9112 
,8745 
-8418 
-8123 
.?a57 
,7615 
.7395 
e7193 
e7009 
e6839 
,6683 
a6538 
e6404 
a6279 
61 64 
e6055 
,5955 
-5861 
-5772 
e5689 
-5611 
.5538 
-5469 
e5404 
.5343 
e5285 
,5230 
-5178 
-5129 
e5082 
~5038 
.4995 
.4955 
a4917 

P2 
ATN 

4.2226 
4.4562 
4.6623 
4.8391 
4.9883 
5.1106 
5.2068 
5.2780 
5.3252 
5.3500 
5.3538 
5.3383 
5.3054 
5.2566 
5.1933 

5.0305 
4.9341 
4.8295 
4.7181 
4.6012 
4.4800 
4.3553 
4.2263 
4 .0  997 
3.9703 
3.8409 
3.7120 
3.5842 
3.4578 
3.3334 
3.2112 
3.0915 
2.9745 
2e8604 
2.7495 

5.1174 

12 
K 

145 -34 
147.63 
149.62 
151 31 
152.83 
154.15 
155.30 
456.32 
157.23 
158.02 
158.13 
159.36 
159.92 
160 e 4 1  
160 a85 

161.59 
161.90 
162.17 
162 -42 
162.64 
162.83 
163.00 
163.16 
163.29 
163042 
163.53 
163.62 
163.71 
163 e79 
163.86 
163 e 9 2  
163.97 
164.02 
164.07 
164.11 

161 .E4 

0 .  P T l  = 8 .  ATY D T l  = 16.861 KGn/l 

02 PT2 112 P 2 / P l  
K G W M 3  ATH K 

10 .200  
10 599 
10.942 
11.229 
11.461 
11 641 
11.770 
11.850 
1 1 . 8 8 i  
11 876 
11.827 
11.741 
11.622 
11.474 
11.299 
ll.100 

10.647 
10.397 
10.135 
9.865 
9.587 
9.30k 
9.019 
8.731 
8.444 

7.875 
7.595 
7.319 
7.049 
6.78~ 
6.525 
6.273 
6.028 
5.790 

io.mz 

8.15~ 

8.0002 
7.9990 
? e  9914 
7.9736 
7. 9427 

7.8361 
7. 

7.7394 
7 .  667.6 
7.5612 
7.4414 
7.3092 
7.1656 
7 . 0 1 2 4  
6.9504 
Ea6014 
6.5065 
6.3268 
6.1438 
5.9563 
5.7715 
5.5940 
5.3972 
5.2215 
E. 0276 
4.8462 
4.6675 
4.499s 
4. 3210 
4.1536 
3.9905 
3.8319 
3 s 6780 
3.5287 
30 3843 
30 2448 

175.00 
175.00 
174.99 
174090 
174 97 
174.94 
174.90 
174.86 
174.00 
174.74 
174.67 
174.59 
1 7 4 . 5 0  
174.41 
174.32 
174.22 
174.11 
174.00  
17.3.89 
173.78 
173 67 
173.56 
173.44 
173.33 
173.22 
173.11 
173.00 
i72.89 
17E.79 
172.69 

172.49 
172.40 
172.31 
172.22 
172.13 

1r2.59 

1.0000 
lA196 
1 2449 
1.3756 
1.5120 
1.654P 

1 9562 

? e t 3 1 4  

1.8023 

2.1159 

2.4526 
2.6297 
2.0127 
3.0014 
3.1959 
3.3963 
3.6024 
3.8145 
C.0323 
4.2560 
4.4855 
5.7209 
4.3621 
5.2091 
5.4620 
5 . 7 2 0 7  
5,9853 
6.2558 
6.53?1 
6.8142 
T.1022 
7.3961 
7.6958 
8.0014 
8.312(! 
8.6302 

4 3  

T2/11 

l.rJ000 
1.9333 
l e 0 € 5 9  
1.0979 
1.1295 
1.1611 
1.1928 
1.2246 
1.2567 
1.2891 
1.3220 
1 3554 
1 3893 
1.4237 
1.6581 
1 e 4946 
1.5310 

le6060 
1 6447 
1.6842 
1.7243 
1 7653 
1.8072 

1.8934 
1.9378 

1.56~~ 

1.~499 

1.9831 
2.0292 
2.0762 
2.1242 
2.1730 
2.P227 
2.2734 

2.3774 
2.3249 

02/01 

1.0000 
1.0837 
let685 
1.2539 
1.3398 

1.5127 
1.5992 
1 a6855 
1.7715 

1 9417 
2.0257 
2.1088 
2.1910 
2 -2720 
2.3519 
2.4306 
2.5080 
2.5840 
2.6587 
2.7320 
2.8039 

2.9432 
3.0107 
3.0767 
3.1412 
3.2043 
3.2659 
3.3260 
3.3847 
3.4420 
3.4979 
3.5524 
3.6056 

1.4262 

1.8569 

2.8743 

PT2/PTl 

1.0000 
.9999 
0 9989 
e 9967 
.9928 
.9871 
e 9795 
96 99 

.9585 
9452 
e9302 
,9136 
,8957 
8765 
8563 
8352 
81 33 

.7908 
e7680 
.7448 
0 7214 
6980 
e6746 
6514 
6285 
,6058 
.5834 
e5615 
e5401 
e5192 
.4988 
4790 
,4597 
4411 
4230 
4056 

1.0000 
1.0000 
1 e 0 0 0 0  
e9999 
e9998 
.9997 
e 9994 
9992 
.9989 
.9985 
.9981 
.9977 -. 9972 
9966 
9961 

e 9955 
.9949 
.9943 
.99 37 
e9930 
9924 

a 9918 
.9911 
-9905 
.9898 
a9892 
9886 

.9880 

.98 74 
-9868 
98 62 
.9857 
9851 
9846 
.9841 
-9836 

O T 2 / O T l  

1 .0000 
e 9999 
e 9989 
'e 9967 
e9928 
9871 

.9795 
-9699 
.95 85 
e 9452 
e9302 
e 9137 
,8957 
8766 
8563 
8352 
8133 

.7909 
7680 

e 7448 
,7215 
.6980 
e 6747 
a6515 
6285 
6058 
.5835 
5616 
5402 

e 5192 
.4989 
e 4 7 9 0  
.4598 
-4411 
e 4231 
4056 

LAST POINT AT SATUSATION 80UNDARI 



n i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1 - 8 0  
1.85 
1.90 
1.95 
2.00 
2-05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 

'2.55 
2.60 
2.65 
2-10 
2-75 

1 .0000  . 9997 
.9 994 
.9995 
,9995 

9 996 
.9997 
.9 997 
,9997 
,9997 
.9 997 
.9998 
.9997 
.9998 
.9997 
.9 997 
.9998 
,9997 
.9997 
.9998 
09998 
.9997 
,9997 
,9998 
.9998 
.9998 
.9997 
,9998 
.9 998 
.9998 
,9998 
.9 998 
.9998 . 9998 
89997 . 9998 

1 .0000  
1 . 0 0 0 0  

.9999 

.9995 

.9991 

.9988 

.9985 
,9983 
.9981 
.9979 
.9977 
.9975 
.9974 
,9973 
0 9972 
9971 

-9970 
9969 
9969 
9968 

m9968 

9967 
9967 
9967 
9967 
9967 
9967 

e9968 
9968 

9968 
9969 
9969 

8 9969 
9970 

.9960 

,996~1 

i . o a o o  
1.0005 
1.0009 
1. 0 0 1 2  
1.0014 

1.0016 
1.0016 
1.0016 

1.0015 

1.01115 
1.0014 
1 . 0 0 1 2  
1.0009 
1.0006 

1 .0000  
9996 

.9992 
,9988 

9984 
,9900 
.9975 

9971 
9967 
9962 
9958 

,9950 
9950 

.9%5 
9941 

,9938 
,9934 

- ,9939 
9927 
9923 
9920 

I .  0003 

i . 0 0 0 0  
,999 8 
e9995 
.9991 
.9987 
,9985 
.9900 
.9975 
.9975 
.9975 
,9972 
,9971 
e9970 
a9970 

9969 
e9969 
,9969 
e9969 
-9969 
,9970 
.997 4 
e9971 
,9971 
-9972 
.9973 
.997(r 
.9975 

e9976 
.9977 
.9971 
,9979 
998 0 

.998 1 

.9981 
-9982 

,9975 

1.OOOO 
1.0000 
1.0000 
1.0000 
1.0000 
1lOOIl 
1 .0001  
1 .0002  
1.0003 
1.0003 
1.0004 
1.0005 
1.0006 
1.0006 
1.0007 
1.0007 
1.0008 
1 .0008  
i .aoob 
i . o o a 8  
1.0001 
1.0007 
1.0007 
1.0006 
1.0005 
1.0004 
1.0002 
1.0001 
1.0000 

.9998 
9996 

.9994 

.9992 . 9989 . 99@7 . 9985 

1 . QUO0 
1.0000 
1.0000 

.9999 

.9998 
,9997 
,9994 
.9992 
,9989 
.9985 
.9981 
.9977 
-9972 

9966 
9961 

.9955 

.994 9. 

.9943 
,9937 
e9930 

9924 
,9918 
.9911 
e9905 
.9898 

98 92 
9866 

.9880 

.9874 
09868 
09862 

' m9857 
9851 
9846 

09841 
9836 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0002 
1.0003 
1.0003 
1.0004 
1.0005 
1.0006 
1.0007 
1.0007 
1.0008 
1.0008 
1.0008 
1.0008 1.0008 

i.ooon 
1.0008 
1.0007 
1.0006 
1.0006 
1.0005 
1.0003 
1.0002 
1.0000 

.9999 

.9997 
89995 . 9993 
.9990 
.9988 
.9985 

LAST POINT AT SATURATION BOUNDARY 



TABLE V I I I .  I l l  = 119 u 

M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1 e25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1 e65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 

2 a 6 0  
2.65 

2.55 

ti2 

1.0000 
- 9 5 2 8  
. 9 l l l  
e8746 
-8418 

8123 
.7857 
- 7 6 1 5  
.7395 
- 7 1 9 3  
- 7 0 0 9  
e6839 
e6683 
e6537 
e6404 
.6279 
.6163 
a6055 
.5954 
e5860 
e5772 
e5689 
e5611 
.5538 
.5469 
e5404 
.5343 
e5285 
e5230 
a5178 
a5129 
e5082 
e5037 
.4995 

P2 
ATN 

5.2769 
5.5691 
5.8266 
6 0467 
6.2332 

6.5065 
6.5956 

6.6860 
6.6910 
6.6720 

6.3862 

6.6547 

6.6309 
6.5701 
6.4922 

6.2883 
6.1678 

6.3967 

6.0373 
5.8982 
5.7521 
5.6005 
5.4448 
5.2859 
5.1251 
4.9633 
4.8013 
4.6401 
4.4801 

4.1652 
4.0133 

4.3220 

3.8635 
3.7171 

1 2  
K 

145.22 
147.52 
149.52 
151.23 
152 73 
154.04 

156.21 

1 5 7  89 
1 5 8  e58 
159.20 
159.74 
160 22 
160 63 

155.19 

157.10 

161 .Ol 
161.33 
161.62 
1 6 1  -87  
162.09 
162.29 
162.45 
162 e60 
167.73 
162.64 
162 e 9 4  
163.02 
163.10 
163.16 
163.21 
163.26 
163.30 
163.33 
163.36 

E. PTL = 1 0 .  ATH 

0 2  
KGM/t43 

12 .851 
13.353 
13.786 

14.437 
14.664 
14.826 

14.970 

14.898 
l*. 790 
14.641 

14.145 

14.927 

14.959 

14.454 
14.231 
13.984 
13.709 
13 413 
13.098 

12.428 
12.078 
11.722 
11.361 

12.769 

I O .  9 9 9  
10.637 
10.277 

9.920 
9.566 
9.219 
8.878 
8.5-4 
8.217 
7.899 

PT2 
ATM 

10.0005 
9.9989 
9.9594 
9.9674 
9.9288 
9.8719 
9.7558 
9.7002 
9.5856 
9.4529 
9.3133 
9.138G 
8.9530 
8.7674 
8.5  657 
8.3539 
8.1354 
7.9110 
7.6019 
7.4501 
7.2165 
6.9923 
6.7483 
6.5160 
6.2860 
6.0559 
5.8355 
5.6163 
5.4017 
5.1922 
4.9981 
4.7896 
4.5969 
4.4101 

OTL = 20.224 KGM/H3 

T T  2 
K 

175.00 
175.00 
174.99 
174.98 
174 e96 
174.92 
174.88 
174.82 
174.76 
174.61) 
174.59 
174.49 
174.38 
174.27 
174.15 
174.02 
173.89 
173.76 
173.62 
173.48 
173.34 

173.06 
172.92 
172.78 

173.20 

172.64 
1 7 2  5 1  
172.37 
172.24 
172.11 
171.99 
171.87 
171 7 5  
171.63 

P E / P l  

1 . 0 0 0 0  
1.1196 
1 2448 
1.3752 

1.6536 
1.8015 
1 9552 
2.1146 
2.2800 
2.4510 
2.6279 

2.9991 

1.5115 

2.8106 

3.1934 
3.3936 
3.5995 
3.8112 
4.0289 
4.2523 
4.4816 
4.7167 
4.9577 
5.2045 
5.4571 
5.7156 
5.9800 
6.250 3 

6.8083 
7.0961 
7.3898 
7.6894 
7.9948 

6.5264 

1 2 / 1 1  

1.0000 
1.0335 
1.0662 
1.0981 
1.1298 
1.1615 
1 1 9 3 2  
1 0 2 2 5 0  
1.2571 
1.2895 
1.3223 
1.3556 
1.3895 
1.4238 
104588  
1.4944 
1.5307 
1.5677 
1.6054 
1.6438 
1.6831 
1.7230 
1 0 7 6 3 9  
1.8055 
1.8479 
1.8912 
1 0 9 3 5 3  
1 0 9 8 0 3  

.2.0262 
2.0729 
2.1205 
2.1691 
2.2185 
2.2688 

0 2 / 0 1  

1.0000 
1.0837 
1.1683 
1.2534 
1.3392 
1 e4254 
1.5117 
1.5981 

1.7701 
1 8554 
1 9401 
2.0240 
2.1070 
2.1890 
2.2700 
2 0 3 4 9 9  
2.4285 
2.5059 
2.5819 
2 6566 
2.7299 
2.8017 
2 8722 
2.9411 
3.0087 
3.0747 
3.1393 
3.2024 
3.2640 
3 3242 
3.3830 
3.4403 
3.4963 

1.6843 

P l W P T l  

1.0000 
,9999 
.9989 

9967 
9 9 2 9  
98 72 
9 7 9 6  
97 00 
95 86 

.9453 
e9303 
e9238 
,8959 

8767 
8565 

.E354 
8135 
7 9 1 1  
7 6 8 2  
7450 
7 2 1 6  
6 9 8 2  

e6748 
6516 

a 62 86 
e6059 

5836 
a 5616 
- 5 4 0 2  
a5192 
.4988 
,4790 
.4597 
.4410 

T12/111 

1.0000 
1 .0000  
1.0000 

.9999 

.9998 
- 9 9 9 6  
.9993 
9990 
9986 
9982 

-9976 
9971 
9965 

.9958 
~ 9 9 5 1  
.9944 
.9937 

9929 
a 9 9 2 1  
-9913 
-9905 
.9897 
.9889 
.9881 
,9873 
e9865 
.9857 

9850 
-9842 
.9835 
-9828 

9621 
9814 

a9808 

O12/OTl 

1.0000 
a 9999 
a 9 9 8 9  

9967 
a 9929 

9872 
9796 
9700 
9586 

a 9453 
e9303 

9138 
,8959 
a 8768 

8566 
0 8354 

8137 
7912 

- 7 6 8 3  
7452 
7218 

e6984 
a 6749 
a 6517 
a6287 

6060 
,5837 
e5617 
a 5403 
a 5193 
.4989 
a 4 7 9 1  
.4598 
04411 

LAST POINT A T  SATURATION BOUNDAPI 



H i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
'1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 

1 .0000 
9996 

.9993 

.9995 
9996 

,9996 
.9997 
e9996 
.9997 
.9997 
.9997 
,9997 
.9997 
,9997 
.9997 
.9997 
.9997 
.9997 

9996 
.9 997 
.9 997 
.9997 
a9996 
.9997 
.9 997 
,9997 
,9998 
.9 998 
.9997 
.9997 
.9998 
.9998 . 9997 
.9997 

1.0000 
1 . 0 0 0 0  

- 9 9 9 8  
.9997 
.998R 
,9984 

9980 
-9978 
.9975 
- 9 9 7 2  
t 9970 
-9968 
.9967 
-9965 

-9963 

9961 
9960 

-9960 
.9959 
.9959 
.9959 
, 9 9 5 8  
,9958 
.9958 
.9958 
,9959 
.9959 
.9959 
.9959 
.99€0 
e 9960 
,9961 

9964 

9967 

1 . 0 0 0 0  
1.0006 
1 . 0 0 1 1  
1.0014 
1 . 0 0 1 5  
l.C)018 
1.0019 
1 . 0 0 3 0  
1.0919 
1. 0 0 1 8  
1.0016 
1 . 0 0 1 4  
1 . 3 r l l l  
1.0007 
1.0003 

,9999 
.9794 
,9989 
,9934 
.9379 
,9974 
,9968 

9963 
.9957 

9952 
,9946 

e9936 
9 9 3 1  

e9926 
a9921 

9916 
9 9 1 1  
9907 

.9941 

1 . 0 0 0 0  
.9997 
.9994 
,9987 
998 2 

,997 9 
,9974 
- 9 9 7 1  
,9968 
,9466 

-9963 
,9962 
,9961 
-9960 

-9960 

.99b* 

,9960 

e9961 
,9961 
-9962 

,9963 
,9964 
,9965 

,9962 

e9965 
e9967 

996 8 
e9969 
,9970 

9971 
.9973 
,9974 
,9973 
e9976 

1.0000 
1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0002 
1.0003 
1.0004 
1.0005 
1.0006 
1.0007 
1.0008 
1.0009 
1.0009 
1.0010 
1.0011 
l.OOl1 
1.0011 
1.0011 
1.0011 
1.0010 
1.0009 
1.0008 
1.0007 
1.0006 
1.000Q 
1.0003 
1.0000 

.9998 
9996 

.9993 

.9991 

.9987 

1.0000 
1 .0000  
1 . 0 0 0 0  
.9999 
.9998 

9996 
.9993 
.9990 

9986 
9982 

e9976 
,9971 
-9965 
.9958 
e9951 
.9944 
.9937 
,9929 
.9921 
- 9 9 1 3  
,9905 
,9897 
a9889 
. 9 8 8 1  
.9873 

9865 
,9857 

9850 
9 842 

.9835 
e9828 
.9821 
e9814 
e9808  

1.0000 
1.0000 
1.0000 
1 .0000 
1 .0001 
1.0001 
1.0002 
1.0003 
1.0004 
1.0005 
1.0006 
1.0007 
1.0008 
1 .0010  1 .0009  

1.00 11 
1.0012 
1.0013 
1.0013 
1.0013 
1.0013 
1.0013 
1.0011 
1.0010 
1.0009 1.0008 

1.0006 
1.0005 
1.0003 
1.0000 

.9998 
09996 
.9993 
.9990 

LAST POINT AT SATURATION BOUNDARY 



TABLE VIII. REAL-GAS NUKnAL-SHUGK 'JULUIIUNS F U K  NLIKUbtN A I  1 1 1  = lf5 IC 

n i  

1.00 
1.05 
1.10 
1.15 
1.20 
1 - 2 5  
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1 e75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2 - 2 5  
2.30 
2.35 

tl2 

1.0000 
,9523 
99211 
.E745 

.E122 
97855 

761  3 
97393 
.7191 
07006 
96836 
e6679 
06535 

640 0 
06276 
96160 
e6052 
-5952 
05857 
e5769 
95686 
05608 
05535 
05466 
95401 
95340 
05282 

08417 

P2 
ATH 

1 0  m5333 
11.1197 
11.6259 
12.0647 
12.4371 
12.7433 
12.9851 
13.1650 
13.2 860 
1 3  3514 
13.3650 
13.3306 
13.2522 
13.1335 
1 2  9793 
12 7 929 
12.5788 
12.3401 
12.0806 
11.8038 
11.5125 
11.2098 
io. 8981 
1 0  e5799 
1 0  2576 

9.9330 
9.6079 
9.2838 

T 2  
K 

144.67 

148.99 

152.22 

147.01 

150. 72 

153.52 
154.66 
155.64 
156.50 
157.24 

158.42 
158.80 

157.87 

159.28 
159.60 
159.87 
160.10 

160 41 

160 e58 
160 63 
160 e 6 5  
160 -65 
160 63 
160 e 6 1  
160 e56 
160 ~ 5 1  

160.27 

160.51 

F a  P T l  = 2 0 .  ATU 

D2 
KGH/H3 

26.770 

28.696 
29.438 
30.042 

21.814 

30.510 
30.847 
31.058 
31.150 
31.130 
31.007 
30.788 
30.483 
30.099 
29.645 
29.130 
28.561 
27.947 
27.294 
26.610 
25.900 
25.172 
24.429 
23.677 
22.921 
22.163 
21.409 
20 6 6 1  

PT2 
Arn 

20.000 0 
19.9974 
19.979i  
19.9356 
19.8596 

19.5970 
19.4086 
19.1820 
10.9193 
18.6227 
18.2949 
17.9389 
17.5584 

16.7349 
16.2984 
15.8501 
15.3926 
14.9281 
14.4601 
13.9899 
13.5210 
13.0545 
12.5921 
12.1351 
11.6858 
11.2446 

19.7474 

17.1557 

O T l  = 41.990 UGWN3 

112  
K 

175.00 
175.00 
174.99 

174.92 
174.85 
174g77 
174.66 
174.53 
174.38 
174.21 
174.02 
173.81 
173.59 
173.35 
173.11 
172.85 
172 58 
172.31 
172.03 
171.75  
1 7 1  47 
171.19 
170.90 
170 e62 
170  e 34 

169.79 

174.96 

1 7 0 . 0 6  

P 2 / P l  

1.0000 
1.1195 
1.2435 
1.3731 
1.5086 
1 6498 
1.7967 
1.9493 
2.1078 
2.2720 
2.4419 
2.6176 
2.7991 
2.9864 
3.1795 
3.3783 
3.5831 
3.7935 
4.0099 
4.2321 
4.4601 
4.6940 
4.9338 
5.1794 
5.4309 
5.6883 
5 9515 
6.2206 

1 2 / 1 1  

1.0000 
1.0340 
1.0669 
1.0992 
1.1312 
1.1630 
1.1948 
1.2267 
1.2587 
1.2910 
1.3235 
193565 
1.3899 
1.4237 
1.450i 
1.4930 
1.5285 
1.5647 
1.6014 
1.6389 
10 6770 
1.7159 
1.7555 
1.7958 
1.8369 
1.8789 
1.9226 
1.9651 

D2/Df 

1.0000 
1.0832 
1.1665 
1.2506 
1.3354 
1.4206 
1 5060 
1.5914 
1.6767 
1.7617 
1.8463 
1,9303 
2.0136 
2.0961 
2.1778 
2.2584 
2 3380 
2.4164 

2 5697 
2 6444 
2.7178 

2.4937 

2.7898 
2.8604 
2 9296 
2 9974 
3.0631 
3.1286 

P T L / P T l  

1 .0000  
.9999 . 9990 

9968 
9930 

.9874 

.9799 
-9704 

95 91 

9311 
91 47 
8969 . 8779 

,6578 
8367 
8149 

-7925 
7696 
7464 

-7230 
-6995 

6760 
6527 

e6296 
6068 . 5843 
5622 

-9460 

TTZ/TTl  

1.0000 
1.0000 

.9999 
9 9998 
9 9995 
99992 . 99 87 
0 9981 
.9973 
-99 65 
.9955 
09944 
m9932 
.9919 
09906 

98 92 
98 77 

,9862 
-9846 
09831  . 98 14 
99798 

9782 
9 9766 
09750 
09134 
e9718 

' 09702 

OTO/DTl 

1.0000 
.9999 
.9989 

9968 . 9930 
09874 
09799 

9706 
.9594 

9463 
9315 
9152 

.E975 
8786 

.e585 
8376 

e8158 . 7935 
7706 

.7475 
7241 
7006 
6772 
6539 

06308 
-6079 . 5854 
a5634 

LAST POINT AT SbTURATION BOUNDbRV 



1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 

1.40 
1.45 

1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 

1.35 

1.50 

TABLE V I I I .  REPL-GAS NORMAL-3HOCK SOLUTIONS FOR NITROGEN AT T T l  = 175 K 

F .  P T l  = 20. ATH O T l  = 41.990 K G M l M 3  CONCLUDEO. 

OT2 /DTl  T T Z / l T l  P T 2 / P T l  M2 ? 2 / P I  1 2 / 1 1  0 2 / 0 1  
(---- ---- - ----- -------- ----- RELATIVE T O  IDEAL DIATOMIC GAS VALUE--------------------------) 

1.0000 
.9991 
.9993 
.9994 
.9994 
.9 995 
.9995 
.9 995 
.9 994 
.9994 
.9994 
.9993 
.9993 
.999? 
.9 992 
,9993 
,9992 
9992 

.9992 
9992 

.9992 

.9991 
9992 
9992 
,9992 
.9992 
9992 
9992 

1 . 0 0 0 0  
* 9999 
9988 

.9977 
9969 
9961 
,9954 
,9946 
,9947 
,9937 
,9933 
9929 
9926 
992  T 

, 9920  
.991@ 
-9916 
9914 
991 3 
9912 
.9911 
,9911 
,9910 
9910 
.9910 
.9911 
.¶911 
.9911 

1 . 0 0 0 0  
1 . 0 0 1 1  
1.0018 
1.0024 
1.0028 
1.0031 
1.0033 
1.0133 
1.0032 
1.0029 
1.0025 
1.0020 
1.0014 
1.0007 
.9999 

9980 
9970 
9960 

.9949 
,9938 

9927 
a9915 ~ 

9 9 0 4  
.9893 
a9882 
.9871 

9560 

. 9 w a  

1.0000 
.9993 
,9978 
,9965 
.9954 
.9944 
e9936 
e9929 
-992 4 
,991 9 
991 5 
991 3 
,9911 
,991 B 
.990 9 
.9909 
.9910 
991 1 
,9913 
,9914 
,9917 
,9919 
992 1 

.992 c 
992 7 
993 0 
9932 
,9935 

1.0000 
1.0000 
1 .0000  
1.0001 
1.0002 
1.0003 
1.0005 
1.0007 
1.0009 
1.0012 
1.0015 
1.0017 

1.0022 
1.0024 
1.0026 
1.0028 
1.0029 
1.0030 
1.0030 
1.0030 
1.0028 
1.0027 
1.0026 
1.0023 
1.0020 
1.0017 
1.0013 

1.0020 

1.0000 
1.0000 

.9999 
e9998 
,9995 
.9992 
e9987 
.9981 
,9973 

9965 
.9955 
.9944 
9932 

.9919 
-9906 
.9892 
,9877 
9862 

-9846 
-9831 
-9814 
.9798 
.9782 
09766 
975 0 
.9734 
-9718 
e9702 

1 .0000  
1.0000 1.0000 

1 .0001  
1.0002 
1.0004 
1.000s 
1.0009 
1.0012 
1.0015 
1.0019 
1.0022 

1.0030 
1.0033 
1.0036 
1.0038 
1.0041 
1.0043 
1.0044 
1.0045 
1.0044 
1.00 44 
1.0043 
1.00 42 
1.0039 
1.0037 
1.0033 

i .ao26 
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TABLE VIII. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROG€N A 1  111 = 175 K 

M i  

1.00 

1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1 e 4 0  

1.05 

1.45 
1.50 
1.55 
1 e60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 

M 2  

1.0000 
- 9 5 1 8  
-9110 
.e744 
.E416 
.6lZO 
.7853 
,7610 
.7389 
,7187 

e6832 
.'a02 

.6675 

.6530 

.6271 

. b u r 7  

m6396 

e6155 

e5946 
a5852 
.5764 
. 5 6 8 1  
- 5 6 0 3  
,5530 

P2 
4 TM 

15.7515 
16.5305 
1 7  3 774 
18.0327 
18.5901 
19.0506 
19.4168 

19.8793 
19.9045 
20. 0127 

19.8600 
19.6906 

19.6919 

19.9692 

19 4 667 
19.1947 
18.8799 

18.1431 
17.7312 
17.29€9 
16 8 446 

15.9007 

18.52 74 

16.3778 

T 2  
K 

144.18 
146.56 
148.53 
1 5 0  .E5 
151.75 
153.05 
154.17 
155.13 
155.95 

157.23 
157.71 
153.11 
158 .42  
158.66 
158.R.r 

159.03 
159.06 
1F9.01, 
158.99 
158.92 
158.81 
158.69 

156.65 

158.96 

G. P T l  = 30. ATM 

0 2  
KGM/M3 

41.922 
43.547 
44.696 
46.043 
46.979 
r7.707 
4 8  235 
48.570 
+8.7?2 
48.701 
48.521 
48.193 
q7.730 
47.145 
46.450 
1.5.658 

43.831 

41.755 
40.650 
39.512 
38.350 
37.172 

44.781 

42.819 

PT2 
ATM 

30.0009 
29.9955 
29.9691 
29.9049 

29.6290 
29.4078 

29.7931 

29.1795 
28.7964 
28. *!I 87 
27.9703 
27.4449 
26.9571 
2€.3709 
25.7923 
25.1645 
Z4.5134 
2 3 . 8 4 ? 2  
23.1573 
22.4615 
21.7587 
21.0519 
20.3459 
19.6424 

D T l  = 65.558 KGWN3 

TT2 
K 

175.00 
175.00 
174.98 
174.95 
174.89 
174.80 

174.52 
174.33 

174.67 

174.12 
173.67 
177.60 
173.30 
172.98 
172.64 
172.28 
171.90 
171.51 
171.11 
170.70 
170.78 
169.86 

169.00 
169.43 

PE/P1 

1.0000 
1.1192 
l e  2418 
1.3705 

1.6450 
1.5059 

1.7908 
1 9423 
2.0995 
2.2623 
2.4309 
2.6053 
2.7854 
2.9713 
3.1629 
3.3604 
3.5637 
3.7728 
3.9878 
4 . 2 0 8 6  
4.435? 
4.6678 

5.1504 
Y. 9061 

1 2 / 1 1  

1.0000 

1.0673 
1.0998 
1.1319 
1.1639 
1.1957 
1.2275 
1.2593 
1.2914 
1.3236 
1.3562 
1.3891 
1.4223 
1.4560 
1.4902 
1.5249 
1.5600 
1 5958 
1.6322 
1.6691 
1.7068 
1.1451 
1.7841 

1.0344 

0 2 / 0 1  

1.0000 
1.0823 
1.1640 
1.2468 
1.3302 
1 4 1 4 1  
1 e4982 
1 5824 
1 6666 
1.7505 
1 b 8 3 4 1  
1.9173 
1.9999 
2.0818 
2.1629 
2 e t 4 3 2  
2.3226 
2.4009 
2.4782 
2.5543 
2. E291 
2 7028 
2.7751 
2.8461 

P T L / P T l  

1.0000 
.9999 
.9990 

9968 
9931 

.9876 

.9803 
e9710 
.9599 
- 9 4 7 0  

9 3 2 3  
,9162 

8986 
.e797 
.e597 

8388 
.8171 
.7948 
e7719 
.74 87 

7253 
e7017 

67  82 
65 4 7  

T T Z / l T I  

1.0000 
1.1000 . 9999 . 9997 . 9993 . 9988 

.9981 
9972 
9962 
9950 

a9936 
e9920 
09903 
09885 

9865 
.98 4 4  
9823 . 98 0 1  . 9778 

.9754 

.973O 
e9706 
09682 
e9657 

D 1 2 / 0 1 1  

1.0000 . 9999 
.9990 
9969 
9932 . 9878 

9715 
9606 

.9479 

.9335 
- 9 1 7 6  

9002 
8816 

e8618 
8411 
8197 

e 7975 
.7748 
e7518 

7285 
a 7050 
e6815 
e 6 5 8 1  

,9006 

LAST POINT A 1  SATURATION B0UNDAP.V 



n1 

1 . 0 0  
1.05 
1 .10  
1.15 
1.20 
1.25 
1.30 

1.40 
1.45 , 

1.50 

1.60 
1.65 
1.70 

1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 

1.35 

1.55 

’- 1.75 . 

TABLE V I I I .  REAL-GAS NORflAL-SHOCK SOLUTIONS FOR. NITROGEN AT T T I  = 175 K 

1 .0000  
9986 

-9992 
.9 993 
,9993 

9992 
9991 
9990 

,9990 
.9989 
.9988 
.9987 

9986 
.¶985 
,9985 
.9984 
,9983 
.9983 
.9983 
.3983 
.9 983 
,9983 
.9983 
.9983 

1 . 0 0 0 0  
,9997 
.997k 
,9958 
.9944 

9932 
.9921 

9912 
-9903 
,9895 
,9889 
,9883 
,9877 
.9873 
e9869 

9865 
9863 

.9859 
,9857 

9856 
.9855 
.9855 
.9855 

.go60 

1 .0000  
1.0015 
1.0022 
1.0030 
1.0035 
1 . o n . w  
1.0040 
1 .0040  
1.0037 
1.0032 
1.0026 
i . o a i 8  

.99n4 

1 . 0 0 0 8  
.9997 

.9971 
9956 
9941 

.99i?5 

.990 8 

.9891 

.9874 

.9857 

. 9 m 9  

1 .0000  
9984 

,9956 
.9934 
e 991 5 
.9899 
,9865 
.go73 
-986 3 
,9856 
.9850 
,9846 
.9843 
,9842 
9842 

.9843 

.9845 
,9847 
,9851 
.9855 
.985 9 

9864  
e9869 
,9874 

1.0000 
1.0000 
1 .0000  
1 . 0 0 0 1  
1.0003 
1.0006 

1.0013 
1.0018 
1.0022 
1.0027 
1.0033 
1.0038 1.0042 

1.0051 
1.0055 
1.0057 
1.0059 
1.0061 
1.0061 
1.0061 
1.0059 
1.0057 

1. on09 

1,0047 

1.0000 
1 .0000  

.9999 

.9997 

.9993 

.9988 

.9981 
9972 
9962 

e9950 
e9936 
9920 

e9903 
~ 9 8 8 5  
98 65 
9844 

e9823 
.gaol’ 
.9778 
9754 

-9730 
e9706 
-9682 
e9657 

1.0000 
1.0000 
1 .0001 
1.0002 
1.0004 
1.0008 
1.0012 
1.0018 
1.0025 
1.0032 
1.0040 1.0048 

1.0056 
1.0064 
1.00 72 
1.0079 
1.0086 
1. 0092 
1.0102 1.00 98 

1.0105 
1.0107 
1.0109 
1.0108 

LAST P O I N T  AT SATURATION BOUNOARV 



.A 

4 
& 

H i  

1 .00  
' 1.05 

1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1 a 4 0  
1.45 
1.50 
1 e55 
1.60 
i -65 
1.70 
l e 7 5  
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2 e25 
2030  
2 ~ 3 5  
2.40 
2.45 
2.50 
2 -55  
2.60 
2.65 
2.70 
2 075 
2.80 
2.85 
2.90 
2.95 
3.00 

n2 

1 .0000  
- 9 5 3 1  
-9117 
a0750 
.a421 
-8126 
r7859 
e7616 
-7396 
.7194 
e7010 
e6840 
-6683 
e6539 
e6405 
,6280 
-6164 
,6056 
-5956 
- 5 8 6 1  
.5773 
e5690 
-5612  
05539 
e5470 
.5405 
.5344 
e5286 
- 5 2 3 1  
-5179 
85130 
-5083 
05039 
.4997 
04957 
.4919 
.4882 
.4848 
e4814 
e4782 
,4752 

P2 
ATn 

5282 
e5573 
.5830 

6052 
6240 

e6393 
-6514 
06603 

6661 
6692 

-6696 
6676 

a6635 
a6573 

'e 6493 
e6398 
e6289 
,6168 
e6037 
.5 898 

5 752 
05600 
0 5445 
e5286 

5126 
e4964 
e4803 

4642 
4483 
4326 

e4171 
40 19 
3 869 
3724 

03582 
.3 44k 

3309 
3179 

03053 
m2931 

2813 

TABLE I X .  

T2 
K 

166.60 
169.19 
171.43 
173.38 
175.10 
176.61 
177.95 
179.15 
180 .21  
181 -17 
182.03 
182.81 
183.52 
184.15 
184.74 
185.27 
185.76 
186.21 
186.62 
187.00 
187.35 
187.68 
187.98 
188 m26 
i8n .52  
188.76 
188.99 
189.20 
189.40 
189.58 
189.76 
189.92 
190.08 
190.22 
190 36 
190.49 
190 s61 
190.73 
190.84 
190 e 9 4  
191.04 

REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NI fROGEN AT 111 = 200 K 

A. P T l  = 1. ATU 

02 
KGMIM3 

1 .085 
1.127 
1.164 
1.194 
1.219 
1.239 
1.252 
1.261 
1.265 
1.264 
1.258 
1.249 
1.237 
1 .2?1 
1.202 
1.182 
l e 1 5 8  
1.133 
1.106 
1.079 
1.050 
1.020 

.990 
- 9 6 0  

930 
.e99 

869 
.a39 
,809 

780 
- 7 5 1  
-723  
- 6 9 6  
- 6 6 9  
e643 
e618 
.593 
570 

,547 
e524 
- 5 0 3  

PT2 
ATn 

1. ooou 
,9999 
.9989 

9967 
.9928 
,9871  
.9794 
- 9 6 9 8  

9582 
,9449 

9298 
.9132 
.a953 

8761 
8558 

.83ct7 

.8128 
7904 
7675 

.7453 
7210 

-6976  

6512 
6283 

-6057  
e 58S4 
e 5616 

540 3 
-5194  

4991 
.4794 
04602 
.4417 

4237 
s4063 . 3895 
.3734 
.3578 
.3428 

3284 

.6743 

Dlt' = 

TT 2 
K 

200.00 
200.00 

200 .00  
200.00 
199.99 
199.99 
199.99 
199.98 
199.97 
199.97 
199.96 
199.95 
199.94 
199.93 
1 9 9 ~ 9 2  
199.91 
199.90 
199.89 
199.88 
199.87 
199.86 
199.85 
199.83 
199.82 
199.81 
199.80 
199.79 
199.78 
199.77 
199 e 76 
199.75 
199.74 
199.73 
199.73 
199.72 
199.71 
199.70 
199.69 
199.69 
199.68 

200.00 

1.713. KGM/?l3 

P2 /P l  

1 . 0 0 0 0  
1.119b 
1.2450 
1.7762 

1.6562 
1.8049 
1 9595 

1.5133 

2.1198 
2.2860 
2.4581 
2.6359 
2.8196 

3.2044 
3.4055 
3.6175 
3.8254 
4.0440 
4.2685 
4.4969 
4.7352 
4.9771 
5.2249 
5.4786 
5.7381 
6.0034 
6.2746 
6.5516 
6.8344 
7.1231 
7.4176 
7.7180 
0.0242 
0.3362 
8.65Ct 
8.9778 
9.3073 
9.6426 
9.9838 

10.3308 

3.0090 

T2 /T l  

1.0000 
1.0329 
1.0650 
1.0967 
1.1282 
1.1596 
1.1911 
1.2229 
1.2550 
1.2875 
1.3205 
1.3541 

1.4231 
1.4586 
1.4948 
1.5317 
1.5694 
1.6080 
1 6473 
1.6874 
1.7284 
1.7703 
1.8130 
1.8565 
1.9010 
1.9463 
1.9926 
2.0397 
2.0877 
2.1367 
2.1866 
2.2374 
2.2891 
2.3417 
2.3953 
2.4498 
2.5053 
2.5617 
2.6190 
2.6773 

i. 3803 

02/01 

1.0000 
1.0839 
1.1690 
1.2549 
1.3414 
1.4283 
1.5153 
1.6024 
1 6892 
1.7756 
1.8614 
1 e9466 
2.0310 
2.1144 
2.1968 
2.2781 
2.3582 
2 A 3 7 0  
2.5145 
2.5907 
2.6654 
2.1388 
2.8106 
2.8810 
2 9499 
3.0173 
3.0832 
3 1476 
3.2106 
3.2720 
3 e 3320 
3.3906 
3.4477 
3.5034 
3.5578 
3.6107 
3.6624 
3.7127 
3 7617 
3.8094 
3.8560 

PTZ/PTl 

1.0000 . 9999 . 9989 
9967 
9928 

09871 
09794 

9698 
09582 
.9449 
-9298 

9132 
.a953 
e 8761 
.8558 
.a347 
.a120 

7904 
e 7675 . 7443 
-7210 

6976 
6743 

e6512 
62 83 
6057 . 5834 

05616 
5403 

05194 
e 4991  . 4794 
04602 

4411 
4237 

04063 
38% . 3734 
3578 
3628 
3284 

TTP/TTl 

1.0000 
1.0000 i .0000 

i.OOOO 
1.0000 
1.0000 
1.0000 . 9999 

.9999 . 9999 . 9998 . 9998 

.9998 . 9997 . 9997 
9996 
9996 

.9995 
09994 
.9994 
,9993 
09993 

9992 
09992 
.9991 
09991 
.9990 
09990 . 9989 
.9989 . 9988 . 9988 
09987 . 9987 
.9986 
0 9986 . 9985 
-9985 
09985 . 9984 . 9984 

OT 2/OT 1 

1.0000 . 9999 . 9989 
e9967 
09928 
.9871 
.97* . 9&97 
e 9582 
e 9449 . 9298 

9133 . 8953 
e 8761 

8558 
8347 
8128 
7904 
7675 . 7444 . 7211 
6977 
6744 
6512 

06283 
06057 . 5835 
05617 

5403 
5195.  
4992 
4794 

04603 
04417 

4237 
-4065 
038% 

3734 . 3578 
3428 
3284 



n i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1 30 
1 .35  
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3 .00  

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
.9999 
.9999 
.9999 
.9999 
,9999 
,9998 
.9998 
,9998 
.9 998 
,9998 
.9999 
.9 999 
.9999 
.9999 
.9 999 
.9999 
.9999 
.9 999 
,9998 
,9998 

9999 
.9 999 
,9 999 
,9999 
,9999 

1 . 0 0 0 0  
1 . 0 0 0 0  
1.0000 
1 . 0 0 0 0  
1.0000 
1.0001 
1.0001 
1 .0001  
1.0001 
1 .0000 
1.0000 
1.0000 

i . a o o o  

1 .0000  
1 . 0 0 0 0  
1 .0000  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  

,9999 
.9999 
.9999 
.9999 
,9999 

9999 
,9998 
.9998 
,9998 
,9998 
.99961 
,9996 
.9998 
,9998 
,9998 
.9998 

9998 
.9997 
.9997 
.9997 
,9997 
.9997 
,9997 
.9997 
.9997 
.9997 
,9997 
.9997 
,9998 
.9998 
.9990 

.9993 
,9998 

,999a 

i .oaoo 
1.0001 
l . O O D 1  
1.0001 
1.0002 

1.0002 
1.0002 
1.0002 
1.0013 
1.0002 
1 I 0 0 0 2  
1.0902 
1.0002 
1.0002 
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  

1 . 0 0 0 0  

.9999 

.9999 

.9999 

.9998 

.939’) 
,9998 
.9397 
.9997 

9396 
9996 
9996 

.9995 

.9995 

.3995 

.999u 

.9994 
,9994 

9994 
.9494 

i. oclaz 

i . n o o o  

i. o o o a  

.9997 

L.0000 
1.0000 

.9999 

.9999 
e9998 
.999 0 

,9997 
,9997 
,9997 
.9997 
e 9996 
e9996 
e9996 

9996 
e9996 
I 9996 
.9935 
.9995 
,9995 
.9995 
.9995 
.9995 
,9996 
,9996 
e9996 
,9996 
.9995 
,9996 
-9996 
e9996 

9996 
-9996 
0 999 6 
.999 7 
.9997 
.9997 
,9997 
,9997 
.9997 
,9997 

. 9 w n  

1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .0000  
1.0000 
1 . 0 O O c )  
1 . 0 0 0 0  
1.0001 
1 . 0 0 0 1  

1.0001 
1.0001 
1.0002 
1 .0002  
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0001 
1.0001 
1.0001 

1 b O O O O  

i . o m i  

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .0000  
.9999 
.9999 
.9999 
,9998 
.9998 
.9998 
.9997 
,9997 
9996 
9996 

.9995 

.9994 

.9994 
9993 

.9993 
9992 
9992 

.9992 
e9991 
.9990 
.9990 
.9989 
.9989 
.9988 
.9988 
.9987 
,9987 

9986 
99 86 

-9985 
,9985 
,9985 
.9984 
.9984 

1.0000 
1.0000 1 .0000  

1 .0000  1 . 0 0 0 0  

1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 1.0002 

1.0002 
1.0002 
1.0002 
1.0002 
1.00 02 
1.0002 
1 .0003  
1 .0003  
1 . 0 0 0 3  
1 .0003  
1.0003 
1.0003 
1 . 0 0 0 3  
1 .0003  
1.0003 
1.0003 
1 .0003  
1.0003 
1.0003 
1.0003 
1.0003 
1.0003 
1.0002 
1.0002 



TABLE I X .  REAL-GAS NORflAL-SHOCK SOLUTIONS COQ NITROGEN AT 111 = 200 K 

f l l  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1 e35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1 .80  
1 e85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 

2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

2.50 

f l2 

1.0000 
.9531 
e9116 
.E748 
.E419 
,8123 
.7857 
.7615 
e7396 
.7194 
-7010 
-6840 
.6687 
.E538 
a 6 4 0 4  
- 6 2 8 0  
- 6 1 6 4  
.bo56 
e5956 
.5861 
.5773 
- 5 6 9 0  
- 5 6 1 2  
.5539 
e5470 
- 5 4 0 5  
.5344 
e5286 
e5231 
e5179 
.5130 
.5083 

,4996 
a4956 
- 4 9 1 8  
.*881 
.4847 
.4813 
a4782 
- 4 7 5 1  

- 5 0 3 9  

P 2  
ATfl 

1.5840 
1.6715 
1.7486 
1.8153 
1.8716 

1.9537 
I .9804 
1.9980 

2.0085 
2.0026 
1.9901 
1.9717 
1.9479 
1.9194 
1.8857 
1.8505 
1.8113 
1.7696 

1.6804 
1.6337 
1.5861 
1.5380 

1.4412 

1.9177 

2.0072 

1 7258 

1 e4896 

1.3930 
1.3452 
1.2980 
1.2514 
1.2058 
1.1610 
1.1173 
1.0747 
1.0332 

9929 
,9538 
,9159 
.q793 
.E439 

1 2  
K 

166.48 
169.08 
171.32 
173.28 
175.00 
176.52 
177.85 
179.04 
1 R 0 . 1 0  
191.05 
181.90 
1 8 2  66 
183.36 
183.99 
184.55 
185.07 
185.54 
165.97 
186.37 
186.73 
187.06 
181.37 
187.65 

188.15 
187.91 

18R.37 
188 e58 
188.78 
188.96 
189.12 
189.28 
189.43 
189.57 
189.70 

189.93 
190 e 0 4  
190.14 
190 e 2 4  
190 33 
190 42 

i 89. nt 

0 2  
KGM/ti3 

3.270 
3.398 
3.508 
3.600 
3.675 
3.736 

3.801 
3 . 8 1 2  
3.809 
3.733 
3.766 
3.728 
3.680 

3.561 
3 4 9 1  
3.415 
3.335 
3.252 
3.165 

3.775 

3.624 

3.076 
2.986 
2.89L 
2.803 
2.711 
2.619 
2.529 
2 .S39  
2.351 
2.265 
2.180 
2.097 
2.017 
1.978 
1.862 
1.788 
1.717 
1.6C8 
1 5 8 1  
1.516 

'PT2 
ATN 

3 .0101 

2.99'69 
2.9907 
2.9705 
2.9613 
2.9353 
2,. 9095 
2.8750 

2.7900 
7.7403 
2 .  6964 
2. E388 
2.5681 
2.5047 
7.4791 

2.9997 

2.8350 

2.3'18 
2.7033 
2.2338 
2.1639 
2.0937 
E.0?38 

1.8356 
1.8177 
1.7510 

1.6214 
1.55R8 
1.4979 

1.9543 

1 6855 

1.4386 
1.3810 
1 3253 
1.P713 
1.2191 
1.1687 
1.12IJZ 
l e R 7 3 4  
1.3?04 

9 4 5 1  

O T l  = 

TT2 
K 

200.00 
200.00 
200.00 
700.00 
199.39 
199.98 
199.97 

199.94 
199.96 

199.92 
199.90 
199.38 
199.85 
199.82 
199. 60 
199.77 
193.73 
199.70 
199.67 
199.54 
199.60 
199.57 
199.54 
199.50 
199.1r7 
199.44 
199.41 
199.38 
199.35 
199.32 
199.29 
199.26 
199.23 
199.20 
199.18 
199.15 
199.13 
199.11 
199.08 
199.06 
199.04 

5.155 KGMIM3 

P2/P1 

_ I  

0 0 
' l L i ' l 9 6  

1.2450 
1 3762 

1.6561 
1.804€ 

1.5132 

1.9590 
2.1191 
2.2852 
2.4570 
2.6347 
2.8182 
3.0076 
3.2028 
3.4038 
3.6106 
3.R232 
4.0417 
4.2661 
4.4962 
4.7323 
4.9741 
5.2218 
5.4753 
5.73L6 
5.9998 
6.2708 
6.5477 
6.8304 
7.1189 
7.4133 
7.7135 
8.0196 
8.3314 
8.6492 
8.972.7 
9.3022 
9.6374 
9.9785 

10.3254 

1 2 / 1 1  

1.0000 
1.0330 
1.0652 
1.0970 
1.1285 
1.1600 
1.1915 
1.7233 
1 0 2 5 5 4  
1.2879 
1.3209 
1.3544 
1.3886 
1 0 4 2 3 3  
1.4588 
1 a4949 
1.5318 
1 5694 
1.6078 
1 6470 
1.6870 
1 7279 
1 e7695 
1.8121 
1 8555 
1.8998 
1.9450 
1.9910 
2.0360 
2 0 0 8 5 8  
2.1346 
2.1843 
2.2349 
2.2865 
2.3389 
2.3923 
2.4467 
2.5019 
2.5581 
2 - 6 1 5 3  
20 6734 

0 7 / 0 1  

1 . 0 0 0 0  
1.0839 
1.1688 
1.2546 
1.3410 
1.4278 
1 5146 

1.6881 
1 e7743 
1.8600 
1 e9451 
2.0293 
2.1126 
2.1949 
2 e2761 
2.3561 
2.4349 
2.5124 
2.5885 
2 6632 
2.7365 
2 8083 
2.8787 
2.9476 
3.0150 
3.0810 
3.1454 
3.2083 
3.2698 
3 3299 
3.3884 
3.4456 
3.5013 
3.5557 
3.6087 
3 e 660.4 
3 -7107 
3.7598 
3.8076 
3 8542 

1.6015 

PT?/PT l  

1.0000 
.9999 

9990 
9967 
9928 

,9871 
.97 94 

9698 
.9583 
~ 9 4 5 0  

9300 
9 1 3 4  

.I3955 
8763 
8560 

.a349 

.E130 
7906 
7678 
7446 
7 2 1  3 
6979 
6 7 4 6  

e6514 
62 85 
6059 

.5837 
e5618 
e5405 

5 1  9 6  
,4993 
.4795 
m4603 
a4418 
.4?38 
a 4 0  64 

3896 
.3734 
.3578 

3428 
3284 

TTP/TT l  

1.0000 
1.0000 
1.0000 
1.0000 

.9999 
,9999 
.9999 
.9998 
,9997 
- 9 9 9 6  
.9995 
.9994 
.9993 
e 9 9 9 1  
e9990 
.99 88 
.9987 
.9985 
.9983 

9982 
,9980 
,9979 

.9975 

.9974 

.9972 
9970 

~ 9 9 6 9  
9967 

- 9 9 6 6  
- 9 9 6 4  
e9963 

9962 
09960 
.9959 
.9958 

9956 
,9955 
,9954 
.9953 

9952 

.9977 

OT?/OTl 

1.0000 
.9999 
.9989 
e9967 
.9928 
a9871 
.9795 
-9698 
,9584 
9450 
9300 
9135 

,8955 
8763 

e8561 
e 8350 

7907 
7679 

.7447 
7214 

,6980 
6747 
6516 
62 87 
60 6 1  
,5838 

5620 
e 5 4 0 6  
- 5 1 9 8  
.4995 
.4797 
-4605 
- 4 4 1 9  

4239 
e4065 
.3897 ' 

3736 
3580 
3429 
32 85 

.8131 



H l  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 

1.65 
1.60 

1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3 .00  

TABLE I X .  REAL-GAS NORAWL-SHOCY SOLUTIONS FOR NITROGEN AT 111 = 200 K 

B .  P T l  = 3. ATH D T l  = 5.155 K G M l t l 3  CONCLUDED. 

T T Z / T T l  n2 P2/P1 1 2 / 1 1  02 /01  PT2/PT l  
(--------------------------- RELATIVE T O  IDEAL DIATOMIC GAS VALUE------------- 

1 . 0 0 0 0  
,9999 
,9999 
.9 998 
09997 
.9996 
,9997 
.9997 
.9998 
.9998 
6 9998 
.9998 
.9999 
.9998 
.9998 
,9998 
.9 999 
.9999 
.9999 
.9999 
.9999 
.9998 
.9999 
.9999 
.9999 
,9999 

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1.0000 
1.0000 
1.0000 
1.0000 
1 .0000  

.9999 

.9999 

.9999 

.9999 . 9999 

.9998 

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
.9999 
.9999 
- 9 9 9 8  
.9997 

9996 
.9995 
.9995 
,9994 
.999r, 
.9993 
.9993 
.9993 

9992 
-9992 

9992 
9992 

,9992 
9992 
9991 
9991 
.9991 

9991 
,9991 
.9991 

9991 
.9991 
.9991 

9992 
9992 
9992 
9992 
9992 
9992 
9992 
9992 
.9992 

9992 

1.0000 1 
1.0001 
1.0003 
1.0004 
1.0005 
1.0006 
1 .0006  
1.0006 
1.000 6 
1 . 0 0 0 6  
1 .0005  
1.0005 
1.0004 
1.0004 
1.0003 
1.0002 
1 . 0 0 0 1  
1.0100 
.9999 
.9998 
,9997 

9996 
.9995 
.999h 
.9993 
.9992 
.9991 
.9969 
.9988 
.9987 
.9987 

9986 
.9985 
,9984 
.9983 

9982 
e9902 
.9901 
.9960 
.9980 
.9979 

1.0000 
.9999 
,9998 
.9997 
,9995 
.9994 
,9993 
,9992 

9991 
.9990 
.9989 
,998 8 
- 9 9 8  8 
,9986 
.9987 
,9987 
,9987 
,9987 
.9987 
.9917 
.9917 
,9987 
.9987 
.9988 
.998 8 
,9986 
,9988 
,9989 
e9989 
.9989 
.9990 
.9990 
.9990 
.9990 
.9991 
.9991 
,9991 
,9992 
,9992 
.9992 
9992 

1.0000 
1 .0000  
1.0000 
1.0000 
1.0000 
1.0000 
1 .0001  
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0003 
1.0003 
1.00011 
1.0004 
1.0004 
1.0005 

1.0005 
1.0006 
1.0006 
1.0006 
1.0006 
1.0006 
1.0006 
1.0006 
1.0006 
1.0006 
1.0006 
1.0006 
1.0005 . 
1.0005 
1.0004 
1.0004 
1.0004 
1.0003 
1.0002 
1.0002 
1.0001 
1.0001 

1.0005 

1 . 0 0 0 0  
1 .0000  
1 . 0 0 0 0  
1 .0000  
.9999 
,9999 
.9999 
e9998 
.9997 

9996 
.9995 
.9994 
.9993 
.9991 
.9990 

9988 
.9987 
e9985 
.9983 
-9982 
-9980 
.997 9 
.9977 
,9975 
,9974 
-9972 
-9970 

9969 
-9967 

9966 
9964 
9963 
9962 

- 9 9 6 0  
.9959 
.9958 
a9956 
.9955 
.9954 
,9953 

9952 

DT2/DTl 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0003 
1.0004 
1.0004 
1.0005 
1.0005 
1.0006 
1.0006 
1.0007 
1.0007 
1.0008 
1.0008 
1.0008 
1.0006 
1.0009 
1.0009 
1.0009 
1.0009 
1.0009 
1.0009 
1.0009 
1.0009 
1.0008 
1.0008 
1.0001 
1.0008 
1.0007 
1.0007 
1.0006 
1.0006 
1.0005 



TABLE I X .  REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  = 200 K 

' H l  

1 . 0 0  
1 .05  
1 . 1 0  
1 - 1 5  
1 .20  
1 - 2 5  
1.30 
1 .35  
1 .40  
1 .45  
1 .50  
1 a55 

1 .65  
1 .70  
1 .75  
1.80 
1.85 
1 . 9 0  
1 .95  
2.00 
2 .05  
2.10 
2 .15  
2 .20  
2 . 2 5  
2 .30  
2 .35  
2 .40  
2 .45  
2 .50  
2 .55  
2.60 
2 - 6 5  
2 .70  
2 .75  
2 . 8 0  
2 .85  
2.90 
2 - 9 5  
3.00 

1 .60  

ti2 

1 . 0 0 0 0  
a9530 
-9115 
a8747 
e 8 4 1 8  
a8123 
.7857 

761 5 
.7395 
-7194  
m7009 
-6840 
-6683  
-6538 
-6404 
-6280 
-6164  
-6056 
.5955 
-5861 
.5773 
,5690 
e5612 
.5539 
-5470 
-5405 
.5344 
e5286 
-5231 
e5179 
-5130 
e5083 
e5038 
e4996 
-4956  
-4918 
e4881 
-4846 

e4782 
-4752  

.4814 

P 2  
A TH 

2.6392 
2.7850 
2 .9136 
3.0248 
3 .1185 
3.1951 
3 .2552 
3 .2997 
3 .3292 
3 .3446 
3.3470 
3 .3373 
3 .3166  
3 .2860 
3.2465 
3.. 1990 
3 1448 
3.0845 
3 .0193 
2 .9498 
2 .8769 
2 .8012 
2 .7234 
2 6442 
2.5641 
2 .4834  
2.4027 
2 .3223 
2 .2426 
2 .1639 
2 .0863 
2 . 0 1 0 1  
1 .9354  
1 8625 
1 .7914 
1 7'222 
1 6550 
1 .5897 

1 e4655 
1 .4065 

1 .5266  

12 
K 

166.37 
168.97 

173.19 
174.90 
176 .41  
177 .74  
178 .93  
179 .98  
180.92  
181 .76  
182.52 

183 .81  
184.37 
184 .87  
105 e32 
185 .74  
186.12 
186.46 

187 .06  
187 32 
187 .57  

171.22 

183 .20  

186 .77  

187 .79  
187 .99  
l .88.19 
188.36  
188 .52  
188 .67  
1 8 8 . 8 1  
188.94 
189.06 
189 .17  
189 .28  
i w . 3 a  
189.rt7 
189 .56  
109.64 
189.72 
189.79 

O? 
KGfl/M3 

5 .477  
5 690 
5 .875  
6 .030  
6 .155  
6 . 2 5 2  
6 .321  

6 . 3 8 3  

6 .352  
6 .307  
6 .243  
6 . 1 6 3  
6 .070  

6 .365  

6 . 3 7 8  

5 .963  
5 .846  
5 .720  
5 .586  
5 .446  
5 .302  
5.153 
5 . 0 0 1  
4 . 8 4 8  
4 . 6 9 5  
4 .541  
4 .388  
4 .236  
4 .086  
3 .939  
3 . 7 9 4  
3 .652  
3 .513  
3 .378  
3 .247  
3 . 1 1 9  
2 995 
2 .875  
2 . 7 5 9  
2 .648  
2 .540  

PT2 
ATN 

5.0005'  
4 .9998 
4.9952 
4 .9839  
4 .9646  
4.9360 
4 .8978 
4 .8498 
4 .7923 
4 .7258 

4.5682 
4 .6509 

(re4785 
4 .3826 
4 .2815 
4.1760 
4 .0667 
3 .9546 
3 .8403 
7 .7245  
3.6080 
3 .4911 
3 .3746 
3 .2506  
3.1440 
3 .0309 
2 .9196 
2 .8103 
2. 7035 
2. 5991 
2 .4974 
2 ,3985  
2 .3925 
2.2095 
2 .1194 
2 .0323  
1 .9483 
1 .8673 
1 .7893 
1.7142 
1.6420 

O T l  

l T 2  
K 

2 0 0 . 0 0  
2 0 0 . 0 0  
2 0 0 . 0 0  
199 .99  
199 .98  
199 .97  
199 .95  
199 .93  
199 .90  
199 .87  
199 .84  
199 .00  
199 .75  
199 .71  
199 .66  
199 .61  

199 .51  
199 45 
199.40 
199 .34  
199 .29  
199 .23  
199 .18  
199 .12  
199.07 
199 .02  
198 .96  
198 .91  
198 .86  
198.81 
198.77  
198 .72  

198 .63  
198 .59  
198.55 
198 .51  
198.47 
198.44 
198.40 

199 .56  

198 .68  

8 .629  KCH/1(3 

P 2 / P l  

ll .oooo 
.'y..ll9 6 

1 .2450 
1 . 3 7 6 1  
1.5130 
1 .6556  
1.8040 
1.9583 
2 .1184 
2 .2842 
2 .4559 
2 .6335 
2 .8168 
3 .0061 
3.2010 
3 .4019 
3 .6085 
3 .8210  
4 .0394  
4 .2635 
4 .4935  
4 .7293  
4 .9710 
5 .2185  

5 .7310 
5 .9961  
6 .2669  
6 .5436 
6 .8262 
7 .1146 
7 .4068 
7 .7089  
8 .0148 
8 .3266 
8 6412 
8 .9676  
9 .2969 
9.6321 
9 .9732  

10 .3200 

5.4719 

T E / T l  

l . O O O 0  
100331  
1.0654 
1 .0973 
1.1288 
1.1603 
1.1919 
1.2237 
1 .2558 
1 0 2 8 8 3  
1 .3213 
1.3548 
l e 3 8 8 9  
1.4236 
1.4589 
104950 
1 .5317 
1 .5693 
1 .6076 
1 .6466 
1.6865 
1.7272 
1.1668 
1.8112 
1 .8544 
1 0 8 9 8 6  
1.9436 
1 9894 
2 .0362 
2.0839 
2 0  1325 
2.1820 
2.2324 
2.2838 
203361  
2.3893 
2.4434 
2.4985 
2.5544 
2.6114 
2.6693 

D2/Dl 

1 . 0 0 0 0  
1.0838 
1 a1686 
l e 2 5 4 3  
1 .3405 
1.4270 
1 .5137 
1.6004 
1 6869 
1.7730 
1 8586 
1 .9435 
2 .0276 
2.1108 
2.1930 
2.2741 
2 .3541 
2.4328 
2 -5102 
2.5862 
2.6609 
2.7342 
2 e8060 
2 8764 
2.9453 

3.0786 
3.1431 
3.2061 
3.2676 
3.3276 
3 e3863 
3.4435 
3.4993 
3.5537 
3 a6067 
3 e6584 

3.7580 
3.8059 
3.8526 

3.0127 

3.7088 

P T Z / P T l  

1 . 0 0 0 1  
1 e 0 0 0 0  

.9990 
9968 

e 9929 
9872 
9796 

e9700 
9585 
9452 

,9302  
91 36 
8957 
8765 
8563 

8 1  33 
7909 

m76 8 1  
.7449 

7216 
6982 
6749 

e6517 
e 62 88 
a6062 
s 5 0 3 9  
e5621 
-5407  
,5198 
.4995 
.4797 
e4605 
e4419 
m4239 
-4065  
e 3897 
.3735 
a 3579 
e 3428 

32 84 

.a352 

T T P / T T l  

1 e O O O O  
1.0000 
1.0000 
1.0000 
.9999 
e9998 
.9998 
-39 96 
.9995 
.9994 

9992 
.9990 . 9988 
.9985 

9983 
e 9 9 8 1  
e 9978 
e 9975 
,9973 
-9970 
a 9967 

9964 
m9962 
.9959 

9956 
.9953 
e9951 
e 9948 

9946 
e 9943 

9941 
-9938 

9936 
.9934 
99 32 

m9930 
m9928 
e 9926 

9924 
9922 

e 9920 

O t 2 / O T l  

1 .0000 
1 . 0 0 0 0  

.9990 
e 9967 
.9929 

9872 
6 9796 

970 0 
9585 

e 9452 
- 9 3 0 2  

9137 
-8958 

8766 
e 8564 

8354 
0135 
7911 
7683 
7451 
7218 
6985 
6752 
6520 
6291 
6065 
5842 
5624 
5410 

e5201 
4998 

.4600 
460 8 

e 4422 
e 4242 
e4068 
e3899 
.3737 

3581 
3431 
3287 



ni 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2685 
2.90 
2.95 
3 . 0 0  

TABLE I X .  REAL-GAS NORAML-SHOCK SOLUTIONS COR NITROGEll  I f  111 c: 200 K 

C.  P T l  = 5. ATM O T l  = 8.629 KCMtH3 CONCLUOEO. 

D T Z t D T l  1 1 2 / T T l  M2 P2/P1 12 /11  O Z t D l  PTZ/Pll 
(--------------------------- RELATIVE T O  IDEAL D I A T O M I C  GAS VALUE-------------------------) 

1.0000 
.9 999 
,9991 
a9996 
-9996 
s9996 
.9997 
,9997 
.9 997 
,9998 
,9998 
.9998 
.9 999 
.9998 
,9998 
.9999 
.9999 
.9999 
.9998 
.9 999 
.9999 
.9999 
,9999 
.9998 
.9999 
.9 999 
.9999 
.9 999 

1 . 0 0 0 0  
1.0000 
1.0000 
1.0 000  
1 .0000  

.9  999 

.9999 

.9999 

.9999 

.9998 
1.0000 
1.0000 
1 . 0 0 0 0  

1 . 0 0 0 0  
1.0000 
1 . 0 0 0 0  

.9999 

.9998 
9996 

.9995 

.9993 
9992 

.9991 
-9990 
- 9 9 8 9  
.9989 

998 8 
9988 

.9987 

.9987 

.9986 
9986 
9986 

-9986 
.9985 
,9985 
,9985 
,9985 
,9985 
.9985 
.998E 
.9985 
,9985 
.9985 
.9985 

9986 
- 9 9 8 6  

9986 
9986 
9986 

- 9 9 8 6  
,9987 
.9987 
.9987 

1.0 000  
1.0002 
1.0005 
1.00n6 
1.0007 
1.0008 
1.0009 
1 .0009  
1 .0009  
1.0009 
1 .0008  
1.0007 
1 . 0 0 0 6  
1.0005 
1 .0004 
1.0003 
1 . 0 0 1 1  

.9999 
,9998 

9996 
.9994 

9992 
9991 

.9989 

.9987 
9965 

.9981 

.9982 
9960 

.997 8 

.9777 
,9975 
,9974 

9972 
9771 
9969 
9968 
9967 
9966 
9965 
9964 

1.0000 
.9998 
,9996 
.9994 

9992 
,9989 
,9987 
.9985 
.9984 
.9982 
.998 1 

998 0 
,9979 
,9979 
.9979 
.997 8 
.9978 
.9978 
,9978 
.9978 
,997 8 
,9979 
,9979 
.997 9 
a9980 
998 I 

49981 
e9961 
,9982 
.9982 
.9983 
.9983 
.9964 
,9985 
.9965. 
~ 9 9 8 6  
,9986 
,9986 
.9987 
.9988 
.9988 

1 . 0 0 0 1  
1.0001 
1.0001 
1.0001 
1.0001 
1 . 0 0 0 1  
1.0002 
1 .0002 
1.0003 
1.0003 
1.0004 
1.0005 
1.0006 
1.0006 
1.0007 
1.0008 
1 . 0 0 0 8  
1.0009 
1 . 0 0 0 9  
1 .0010 
1 . 0 0 1 0  
1.0010 
la0011 
1.0010 
1.0011 
1.0011 
1.0011 
1 .0010 
1 . 0 0 1 0  
1 . 0 0 1 0  
1.0009 
1.0009 
1. 0008 
1.0008 
1 . 0 0 0 7  
1.0006 
1.0005 
1.0004 
1.0004 
1.0003 
1.0002 

1 . 0 0 0 0  
1.0000 
1 . 0 0 0 0  

.9999 

.9998 
9996 

a 9995 
.9994 
.9992 
.9990 
.9988 
,9985 

9963 
.9981 
.9978 
.9975 
.9973 
.9970 
,9967 

9964 
9962 

.9959 
9956 

.9953 
-9951 
.9948 
9946 

a 9943 
.9941 
.9938 

9936 
.9934 
.9932 . 9930 
,9928 

9926 
.9924 . 9922 
e9920 

1 . o o o o  

.999e 

1.0000 
1.0001 
1.0001 
1.0000 
1.0001 
1.0002 

1.0003 
1.0003 
1.0004 
1.0005 
1.0006 
1.0007 
1.0008 
1 .0008 

1.00 10 
1.0011 
1.0012 
1.0013 
1.00 13  
1.0014 
1.0014 
lrOO15 
1. 00 15 
1.OOlS 
1.0016 
1 . 0 0 1 6  
1.0016 
1.0016 
1.0015 
1.00 15 
1.0015 
1.0014 
1.0014. 
1.0013 
1.0012 
1.0012 
1.0011 
l . O O l 1  
1.0010 

1.0002 

1.0009 



TA8LE I X .  REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  = 200 K 

M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1 e55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
7.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2 e55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2 e 9 5  
3 . 0 0  

n 2  

1.0000 
- 9 5 2 9  
e 9 1 1 4  
,8746 
- 8 4 1 8  
. B i z 4  
,7857 
a7615 
.73 95  
m7194 
.7009 
~ 6 8 4 0  
e6683 
e6538 
- 6 4 0 4  
m6280 
e6164 
,6056 
.5955 
.5861 
a5772 
e5690 
e5612 
.5539 
.5470 
e5405 
.5343 
e5286 
- 5 2 3 1  
,5179 
e5130 
- 5 0 8 3  
e5038 
- 4 9 9 6  
a4956 
e4917 
.4881 
.4847 
,4814 

47 82 
e4752 

P2 
A f t !  

4.2199 
4.4531 
4.6589 
4.8355 
4.9858 
5.1082 
5.2046 
5.2759 
5.3233 
5 . 3 4 8 4  
5.3524 
5.3372 
5.3046 
5.2559 
5.1910 
F e l l 7 5  
5.0310 
4.9349 
4.8308 
4.7198 
4.6033 
4.4824 
4.3581 
4.2315 
4.1032 
3.9742 
3.8451 
3.7165 
3.5889 
3.4628 
3.3386 
3.2166 
3.0971 
2.9803 
2.8664 

2.6479 

2.4423 
2,3444 
2.2499 

2.7556 

2.5434 

T 2  
K 

166.19 

171.07 
173.03 
174.75 
176.75 
177.58 
178 e76 
179.61 
180.74 
101.57 

168.80 

182.30 
182.97 
183.56 
184.09 
1134.57 
185.00 
185.39 
185.74 
186.06 
186.34 
186.60 
106.84 
187.05 
187.24 
1 8 7  e42 
187.58 
1R7.73 
187.86 
lR7.99 
188.10 

180.3rl 

190.47 
188.55 

198.68 
188.7u 
188.80 
lA8.85 

18e.20 

in8 .39  

198.52 

0 2  
KGH/U3 

8.826 
9.170 
9.466 
9.715 
9.916 

10.072 
lO. lR4 

10.283 

10.234 
10.161 
10.059 

9.931 
9.781 

10.253 

10.276 

9.610 
9.422 
9.219 
9.004 
8.778 
8.545 
8.306 
0 . 0 6 2  
7.816 
7.568 
7.320 
7.073 
6 . 8 7 9  
6.507 
6.349 
6.116 
5.887 
5.663 
5.445 
5.233 
5 . 0 2 7  
4.877 
4.634 
4.407 
4.266 
4.092 

PT:, 
ATN 

e . o o o i  
7. 9989 
7.9914 
7.9735 
7.9926 
7.4970 
7.8360 
7.7595 
7.6679 
7.5516 
7.4*20 
7.3100 
7.1666 
7.0137 
6.8522 
6.6835 
6.5098 
6 s 3296 
6.lC69 
5.9618 
5.7752 
5.5883 
5.4018 
5.7165 
5.0329 
4.6516 
&. 6 7 3 4  
4.4986 
4.3774 
b .  1603 
3.9974 
3.8330 
3.6852 
3.5161 
3.391R 
3.2523 
3. t l 7 8  
2.9880 
2. q530 
2.7*?7 
P. 6270 

O T 1  = 13.896 KGHlN3 

TT2 
K 

200.00 
? O O . O O  
200.00 
199.99 
199.97 
199.95 
199.92 
199.89 
199.85 
199.80 
199.74 
199.68 
199.61 

199.46 

199.30 

199.54 

199.38 

199.22 
199.13 
199.34 
198r96 
198.07 
198.70 
198.69 
198.60 
198.52 
198.S3 

198.27 

198.11 
198.03 
197.96 

i9n .35  

i q n . i 9  

197.99 
197.82 
197.75 
197.69 
197.62 
197.56 
197.50 
197.45 

P 2 / P l  

1.‘0000 
1.1196 
1.2449 
1.3759 

1.6549 
1.5125 

1.8031 
1.9572 
2.1170 
2 .28?8  
2.4542 
2.6315 
2.8147 
1.0036 
3.1983 
3.3989 
3.6054 
3.8176 
4.0356 
4.2595 
4.4893 
4.7248 
4.9662 
5.2135 
5.4666 
5.7255 
5.9903 
6.7609 

6.8197 
7.1079 
7.4019 
7.7018 
8.0075 
8.3191 
8.6365 
8.9598 
9.2890 
9.6240 
9.96C8 

1 0 .  T i t  6 

6.5374 

1 2 / 1 1  

r.oooo 
1.0332 
1.0657 
1.0976 
1.1292 
1.1608 
1 8  1 9 2 4  
1.2243 
1.2564 
1.2869 
1.3218 
1.3553 
1.3893 
1 4239 
1.4591 
1.4950 
1.5317 
1.5690 
1.6072 
1.6461 
1 6858 
1.7263 
1 7676 
1.8rJ97 
1.6527 
1.8966 
1.9414 
1.9870 
2.0335 
2.0809 
2.1292 
3.1785 
2.2286 
2.2796 
2.3316 
7.3845 

2.4931 
2.5488 
2.6054 
2.6630 

2.43e3 

0 2 / 0 1  

1 .0000 
1.0836 
1.1683 
1.2537 
1.3396 

1.5123 

1 6850 
1 7709 
1 8562 
1.9409 
2.0249 
2.1079 
2.1900 
2.2710 
2.3508 
2.4294 
2.50E7 
2.5027 
2.6573 

1.4259 

1.5988 

2.7306 
2 . ~ 0 7 4  
2.0727 
2.9417 
3.0091 

3.1395 
3.2026 

3.0750 

3.2641 
3.3243 
3.3829 
3.4402 
3.4961 
3.5506 
7.6037 
3.6555 
3 7061 
3.7553 
3.8033 
3 . 8 5 0 0  

P T 2 / P T l  

1.0000 
.9999 
,9989 
- 9 9 6 7  
.9928 
- 9 8 7 1  
.9795 
96 99 

.9585 
9452 

e9302 
- 9 1 3 7  

8767 
85 65 

.a354 
8136 

e7912 
- 7 6 8 4  

7452 
e7219 

6985 
.e752 

6 5 2 1  
e6292 
60 65 
5842 

,5409 
e5200 
.4997 
.4799 

4607 
4420 

m4240 
40 65  

.3897 

.3735 

.3579 
e 3428 

3284 

,8958 

.5673 

TT2/ TT 1 

1.0000 
1 .0000  1 . 0 0 0 0  

.9999 
,9999 
.9998 
9996 

.9994 
- 9 9 9 2  
.9990 . 99 87 
.9984 . 9.9 81 
.99?7 
.9973 

9969 
9965 

~ 9 9 6 1  
.9957 
~ 9 9 5 2  
.9948 
.9943 
.9939 
.9935 

9930 
~ 9 9 2 6  

9972 
.9917 
- 9 9 1 3  . 99 09 
e9905  
.9902 
.9898 
,9894 
. ¶E91  
,9888 
.98 84 
.9881 
.9878 
.¶E75 
-98  72 

OT2/OTl 

1 .0000 
.9999 
,9989 

9367 
9928 
9072 

,9795 
9700 

- 9 5 8 6  
.9453 

9304 
9139 
896 0 
8769 
8568 

.a357 
8139 
7915 

7456 
7223 
6990 
6757 
6525 
6296 
6070 

,5847 
,5628 
,5415 
a5206 
- 5 0 0 2  
- 4 8 0 4  
~ 4 6 1 2  

4425 
4245 
40 70 
3902 

e 3740 
.3584 
.3433 

3288 

. 7 m r  



M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 

1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 

1.40 

1 .00  
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 

2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3 . 0 0  

2.50 

TARLE I X .  9EAL-G4S NOR4flL-SH3CK SOLUTIONS F O Q  NITROGEN AT 111 = 200 K 

0. P T l  = 8 .  P T r  D T l  = 13.896 K G t i / H 3  CONCLUDED. 

1.00150 
,9398 
9996 

.9995 

.9996 
9 996 

,9997 
.9997 

9 998 
.9997 
.9998 
.9998 
.9998 
.9998 
,9998 
.9 999 
.9998 
,9998 
.9999 
.9999 
.9998 
.9998 
.9999 
.9999 
.9 999 
.999e 
.9 999 
.9999 
,9999 
.9999 
,9 999 
.9999 
.9999 
.9 999 
.9 999 
,9998 
.9999 

1.0000 
1 . 0 0 0 0  
1 . 0 0 0 0  
1 .0000  

1 . 0 0 0 0  
1 . 0 0 0 0  

,9999 
,9998 
.9995 
-9992 
-9990 
.9988 

9986 
.9985 
,9983 

9987 
- 9 9 8 1  
-9980 
,9979 
,9979 
,9978 
,9977 
,9977 
.9977 
- 9 9 7 6  
- 9 9 7 6  
,9975 

9976 
,9976 
,9975 
9976 

.9975 
9976 

.9976 

.9976 
- 9 9 7 6  
.9977 
.9977 
,9977 
.9977 
.9978 
.9978 
.9979 
.9979 
,9979 

1 . 0 0 0 0  
1 . 0 0 0 4  
1.0007 
1 . 0 0 1 0  
1 . 0 0 1 1  
1.0012 
1.0013 
1.0013 
1 .0013  
1 0013 
I -0lI17 
1 . n 0 1 1  
1.0009 
1 .0008  
1 . 0 0 0 5  
l .OO(J7 
1.0001 

,9995 
.9993 
,9q90 
.9307 
. 7 7 8 L  
, 3 3 3 1  
,9978 
.9975 
e 9972 
,9769 
- 9 7 6 7  
.9964 
e9361 
.9959 

9556 
.9954 
, 7 9 5 7  

9450 
.3940 
e9946 
.9'144 

9342 
9940 

.979n 

1 . 0 0 0 0  
,9997 
.9994 
,9990 
.9985 

,9973 
,9975 
.9973 
,9971 
,9969 
-9967 

. 9 9 n i  

-9965 
e9963 
.9965 

9964 
a9964 

9964 
.9R6b 
,9965 
,9965 
-9966 
,9966 
e9967 
-9969 
,9958 
- 9 9 6 9  
- 9 9 1 0  
,9971 
,9972 
,9973 
,9974 
.9975. 
,9975 _. 
..9 ?76 
.9977 
.9978 
.9979 
,9980 
,998 1 
996 2 

1 .0000  
1 . 0 0 0 0  
1 .0000  
1 .0000  
1.0000 
1.0001 
1.0001 
1.0002 
1.0003 
1.0004 
1.0005 
1.0006 
1.0007 
1.0008 
1.0009 
1.0010 
1.0011 
1.0012 
1.0013 
1.11014 
1 .0014  
1.0015 
1 .0015 
1.0015 
1.0016 
1.0015 
1.0015 
1.0015 
1.0014 
1.0014 
1.0013 
1.0012 
l.OOl1 
1.0010 
1.0009 
.1.0008 
1.0007 
lr0005 
1.0004 
1.0002 
1 .0001  

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  

.9999 

.9999 

.9998 
9996 
.9994 

9992 
e9990 
.9987 
.9984 
0 9981 
.9977 
.9973 

9969 
9965 
996 1 

,9957 
a 9 9 5 2  
.9948 
.9943 
.9939 
,9935 
.9930 
-9926 
e9922 
e9917 

9913 
9909 
9905 
.9902 
.9898 
,9894 
,9891 
.9888 
,9884 
,9881 
a9678 
,9875 
-9872 

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1.0000 
1.0000 
1 .0001  
1.0002 
1 .0003  
1.0004 
1.0005 
1.0006 
1.0008 
1.0009 
1 .0011 
1.0012 
1.0014 
1.0015 
1.0017 
1.0018 
1.0019 
1.0020 
i .oo2 .1  
1.0022 
1.0023 
1.0023 
1.0023 
1.0024 
1.0024 
1.0024 
1.0024 
1.0024 
1.0023 
1.0023 
1.0022 
1.0021 
1 . O O Z O  
1.0020 
1.00 19 
1.0017 1.0016 

1.0015 



M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 

1.50 
1.55 
1 e60 
1.65 
1.70 
1.75 
1 .80  
1.85 
1.90 
1795 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2 0 4 0  
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

1.45 

MZ 

1.0000 
e9529 
-9113 
a8746 

841 8 
e8123 
.7857 

761 5 
.7395 
a7194 
-7009 
-6839 
e6683 
.653R 
640 4 

,6280 
-6164 
e 6 0  56 
.5955 
05861  
,5773 
e5689 
-5612 
.5539 
-5470 
-5405 
,5343 
,5285 
-5231  
-5179 
-5129 
e5083 
a5038 
-4996 
e4956 
e4918 
e4881 
.4847 
-4814 
e4782 
e4752 

P2 
ATPI 

5.2727 
5 5643 
5.8217 
6.0427 
6.2294 
6.3827 
6.5032 
6.5924 
6.6518 

6.6888 
6.6703 
6.6296 

6.6834 

6.5691 
6.4909 
6.3968 
6.2889 
6.1691 

5.9006 
5.7551 
5.6042 
5.4488 
5.2905 
5.1303 
4 9690 
4.8077 
4.6469 
4.4873 
4.3297 
4.1743 
4.0217 
3.8722 
3.7261 
3.5836 
3 4450 
3.3102 
3.1796 
3.0530 
2.9306 
2.8123 

6.0391 

TABLE I X .  

1 2  
K 

166.08 
160.70 
170 97 
172.93 
174.64 
176.15 
177.48 
178.65 
179.69 
180.61 
181.43 
182.17 

183.39 
1 8 2 . 8 1  

in4.38 
183.91 

184 79 
185.16 
185 -50 
185.79 

186.30 
186.05 

186.52 
186.71 
186.89 
187 eQ4 
187.19 
1 8 7  31 
187.43 
187.54 
187.63 
187.77 
187.80 
187.87 
18l.94 
188.00 
188.05 
188.10 
188.15 
18E.19 
188.23 

REAL-GAS NORMAL-SHOCK SOLUTIONS FOR N I T R O G E N  A T  111 = 200 K 

E. PT1 

02 
KGM/M3 

11.086 
11.518 
11.890 
12.201 
12.454 
12.649 
12.790 
12.877 
12.915 
12.906 
12.854 
12.762 
12.634 
12.41b 
12.285 
12.071 
11.836 
l1.581 
11.311 
11.028 
10.736 
10.435 
10.129 

9.820 
9.509 
9.197 
8.887 
8.580 
8.276 
7.977 
7.684 
7.396 
7.115 
6.841 
6.575 
6.316 
6.065 
5.821 
5.586 
5.359 
5.140 

= 10 .  AT3 

PT2 
A r t 4  

1 0 . 0 0 0 2  
9.9987 
9.9093 
9.9671 
9.9386 
9.8717 
9.7357 
9.7003 

9.4534 
9.3041 
9.1391 
6.9605 
8.7595 
8.5676 
8 . 5 5 7 0  
8.1389 
7.9149 
7.5866 
7.4554 
7.2223 
6.9984 
6.7553 
6.5235 
6.2940 
6.0675 
5.8443 
5.6256 
5.4116 
5.2025 
4.9987 
C. 5005 
4.6080 
4.4215 
4.2409 
4.0 665 
3.8981 
3.7357 
3.5792 
3.4787 
3.2839 

9.5159 

0 1 1  = 

T l  2 
K 

200.00 
200.00 
200 .oo 
199.98 
199.97 
199.94 
199.91 
199.86 
199.81 
199.75 
199.68 
199.60 

199.43 
199.52 

199.33 
199.23 
199.13 
199.03 
198.92 
198.81 
198.70 
198.59 

198.37 
198.26 
198.15 

197.94 
197.84 
197 74 
197.64 
197.55 
197.45 

198.48 

198.05 

197.36 
197.28 
197.19 
197.11 
197.03 
196.96 
196.88 
196.81 

17.446 KGM/M3 

P 2 0 1  

1.0000 
1.1196 
1.2449 
1.3756 

1.6545 
1.8026 
1.9565 
2.1162 
2.2818 
2.4531 
2.6303 
? e  8132 
3.0019 
3.1966 
3.3970 
3.6032 

1.5121 

3.8153 
4.0332 
4.2569 
4.4864 
4.7219 
4.9630 
5.2101 
5.4630 
5.7217 
5 9864 
6.2568 
6.5331 
6.8153 
7.1033 
7 3972 
7.6970 
8.0026 
8.3140 
8.6313 
8.9544 
9.2835 
9.6184 
9.9591 

10.3057 

T2/T1 

1.0000 
1.0333 
1.0659 
1.9978 
1.1295 
1.1611 
1.1928 
1.2246 
1.2567 
1.2892 
1.3221 
1.3556 
1.3895 
1.4242 
1.4593 
1.4951 
1.5316 
1.5689 
1.6069 
1.6457 
1.6852 
1.7256 
1.7667 
1.8087 
1.8526 
1.8953 
I. 9399 
1.9853 
2.0316 
2.0789 
2.1270 
2.1760 
2.2260 
2.2768 
2.3286 
2.3813 
2.4349 
2.4895 
2.5449 
2.6014 
2.6587 

02/01 

1.0000 
1.0835 
1.1681 
1.2532 
1.3390 
1.4252 
1.5114 
1.5976 
1 6837 
1 7694 
1.8546 
1.9392 
2.0230 
2.1059 
2.1879 
2.2688 

2.4271 
2.5044 

2.3485 

2.5803 
2.6549 
2 7281 
2 7999 
2.8703 
2 e9392 
3.0066 
3.0726 
3.1371 
3.2002 
3.2618 
3.3220 
3.3807 
3.4380 
3.4939 
3.5485 
3.6017 
3.6536 
3.7041 
3.7534 
3.8015 
3.8483 

PT2/PTl 

1.0000 
.9999 
.9989 

9967 
.9929 
.9872 

9796 
-9700 
.9586 
,9453 
-9304 
m 92 39 

8960 
8769 
8568 

,8357 
81 39 
7925 

,7687 
.7455 
.7222 
6988 
6755 
6524 

-6294 
6067 

.5844 
5626 

85412 
5202 

.4999 
e4801 
84608 
.4421 
a4241 

40 67 
.3898 

3736 . 3579 
3429 . 3284 

l l Z / l T l  

1.0000 
1 .0000  1.0010 

.9999 
,9998 
.9997 
.9995 
.9993 
.9990 
.9987 
.9984 
.9980 
-9976 . 9971 

9967 
9962 

,9957 
.9951 

9946 
9941 

.9935 
-9930 
9924 
9919 

09913 
09908 
.9902 
.98 97 . 9892 . 9887 
.9882 
.9877 
03873 
e9868 
9864 

89860 
m9856 

9852 
09848 
9844 . 9841 

DT 2/DT 1 

1 . 0 0 0 0  
.9999 
.9989 

9967 
.9929 

9872 
9796 

.9701 

.9587 
e 9455 
e9306 

9141 
e8963 

- 8 5 7 1  
8361 

-8143 
7920 
7692 
7461 

.7229 
6995 
6762 

e6531 
-6301  

60 75 
5852 
5633 
5419 

05209 
-5006 
-4808 

4615 
e 4428 

4248 
40 73 
3905 
3742 

03586 . 3435 
3290 

. e r n  



M i  

1.00 
1.05 
1.10 
1.15 
1.00 
1.25 
1-30 
1.35 
1.40 
1.45 

1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3 .00  

1.50 

1.0000 
.9997 
.9994 
.9995 
9 996 
,9996 
.9997 
.9997 
.9998 
.9997 
.9998 
.9997 
,9998 
,9998 
.9996 
.9998 
.9998 
.9998 
.9998 
.9998 
.9999 
.9998 
.9998 
.9999 
.9999 
.9 999 
9990 
,9999 
.9 999 
.9 999 
,9999 
.9999 
9999 
.9999 
,9998 
.9999 
.9999 . 9999 
.9999 

1.0000 
1.0000 

i . o o o a  
1.0000 
.9999 
9996 
9992 
.9989 
.9987 
.9984 
9982 
-9980 
.9979 
.9977 
9976 
,9975 
.997k 
.9975 
9972 
-9971 
-9971 
,9970 
,9970 
9970 
9969 
9969 
9969 
9969 
.9959 
9969 
9969 
9970 

e 9970 
-9970 
9970 
9971 
e9971 
9971 
9972 
9972 
.9973 
.9973 
.9973 

i.aooo 
1.0005 
1.0009 
1.0011 
1.0013 
I. 0 0 1 5  

i. 0016 

1.0016 
1~0016 

1.0016 
1.0015 
1.0013 
1.0011 

1.0006 

1.0000 
.9397 
.9994 

.9986 
,9983 
.9979 
.9975 
e9972 
9966 
9965 
9961 

.9957 

.9954 
e9951 
.9948 
..9945 
.9942 
.9939 
9936 
.9935 
9931 
9929 
9927 
9924 

1.0009 

1.0003 

.9990 

i.ooaa 

.99a6 

,9996 
.9992 

e9980 
9976 
.9971 
. m a  
9965 
e9962 
,9960 
.9959 
.9957 
.9956 
.9955 
,9955 
,9955 
.9955 
.9955 
.9955 
,9956 
.995 7 
.9957 
.9958 
.9959 
a9960 
,9961 
e9962 

,9965 
.9966 
e9967 
996 8 
,9969 
e9970 
-9972 
.9973 
.9974 
.9975 
.9976 
.9977 

-9964 

1.0000 
1.0000 
1.0000 
1.0000 
1.0001 
1.0001 
1.0002 
1.0003 
1.0004 
1.0005 
1.0007 
1.0008 
1.0009 
1.0011 
1.0012 
1.0014 
1.0015 
1.0016 
1.0017 
1.0018 
1.0019 
1.0019 
1.0019 
1.0020 
1.0020 
1.0020 
1.0019 
1.0019 
1.0019 
1.0018 
1.0017 
1.0016 
1.0015 
1.0013 
1.0012 
i.0010 
1.0009 
1.0007 
1.0005 
1.0003 
1 . O O O i  

1.0000 
1.0000 
1.0000 
.9999 
.9998 
.9997 
.9995 
.9993 
.9990 
,9907 
.9984 
.9980 
e9976 
-9971 
9967 
9962 
.9957 
995 1 
e9946 
.9941 
.9935 
9930 

0 9924 
09919 
a9913 
.9908 
9902 
09897 
-9892 
.9887 
9882 
.9877 
.9873 
9868 
9864 
9860 
,9856 
9852 
.9848 
,9844 
984 1 

1.0000 1.0000 

1.0000 
1.0000 

1.0002 
1.0003 
1.0004 
1.0005 
1.0007 
1.0009 
1.0010 
1.0012 
1.0014 
1.0016 
1.0018 
1.0020 
1.0023 
1.0024 
1.0026 
1.0028 
1.00 29 
1.0030 
1.0031 
1.0031 
1.0032 
1.0032 
1.0031 
1. 1.0031 0031 

10 0031 
1.0031 
1.0030 
1.0029 
1.0028 
1.0026 1.0027 

1.0024 
1.0023 1.0022 

1.0020 

i . a o o i  



til 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1 .60  
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2 .45  
2 .50  
2.55 
2 e 6 0  
2.65 
2.70 
2.75 
2.80 
2.85 

H2 

1 . 0 0 0 0  
e9525 
- 9 1 1 1  
.e745 
e8418  
- 8 1 2 3  
a7856 
- 7 6 1 4  
.7394 
e7192 
e7008 
- 6 8 3 8  
- 6 6 8 2  
- 6 5 3 7  
- 6 4 0 3  

- 6 1 6 3  
- 6 0 5 4  
.5954 
- 5 8 6 0  
m5771 
.5686 
- 5 6 1 1  
.5538 
e5468 
a5404 

. 6 2 7 8  

.5342 
e5284 
- 5 2 3 0  
,5177 
e5128 
- 5 0 8 2  
e5037 
.4995 
.4955 
- 4 9 1 7  
e4880 
a4846 

P 2  
ATH 

10.5204 
11.1045 
11.6149 
12.0 544 
12.4274 
12.7340 
1 2  9766 
1 3  1 5 7 5  

13.3456 
1 3  3 5 9 7  
1 3  3 26b 
13 .2489 

12 .9766 
1 2  e7 922 
12 .5  797 
12 .3433 
1 2 e 0 8 5 9  
11.8112 
11.5223 
11.2218 
10.9125 
1 0  5 9 6 8  
10.276@ 

9.9545 
9.6316 
9.3096 
8.9900 

13.2793 

13.1319 

8 .6739 
8.3623 
8.0560 
7 .7559 
7 4624 
7.1761 
6.8975 
6 6267 
6.3640 

TABLE I X .  

T 2  
K 

165.53  
168.19 
170 46 
172.43 
174.15 
175.65 
176.97  
178 e13 
179.14 
180.03 
180.80 
181.49 
182.08 
182.60 
183.05  
183.44 
183.77  
104.06 
184.31  
184.52 
184.70 
184.85  
184.97 

185.21 

185.07 
185.15 

185.26 
lC5.29  
185 32 
185 e33 
185.34 
185.34 

185.32 

185.28 

185 33 

185.30 

185.26 
185.24 

REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  200 K 

0 2  
KGWt43 

22.725 
23.607 
24 .361 
2 4 . 9 9 1  
25.504 
25 .902 
26.189 
26.378 
26.450 
26.435 
26.333 

25 8 9 3  
25 .571 

24.753 
24.275 

26.150 

25.185 

2 3 . 7 5 9  
23.210 
22 .634 
72.037 
21 .424 
2 0 . 7 9 9  
20.166 
1 9 . 5 2 9  
18.892 
18 .256 
17 .626 
17.002 
16 .387 
1 5 . 7 8 4  
15 .192 
14.614 
14.050 
1 3 . 5 0 1  
1 2 . 9 6 7  
12 .450 
1 1 . 9 4 9  

PT2 
ATt! 

20 .0027 
19.9995 
19.9410 
19 .9774 
19.8615 
19.7495 
19 .5993 
19 .4113 
19 .1051 
10 .9229 
18.6274 
18 .3006 
17.9462 
17 .5666 
17.1627 
16 .7433 
16.3892 
15 .8626 
15.4073 
14 .9456 
14.4795 

13.5459 
1 3 ~ 0 3 1 7  

17.1672 

11.2610 
10 .8510 

14 .0124 

12 .6214 

11 .7201 

10.4307 
10.0213 

9.6228 
9.2358 
8.8607 
8 .4975 
0.1464 
7.8075 
7.4807 

011 = 35.653 KGH/M3 

TT2 
K 

200.00 
200.00 
199.99  
199.97 
199.94 
199.89 
199.82 
199.74 
199.63 
199.52  
199.38 
199.23  
199.07 
198.90 
198.72  
198.52 
198.32 
198.12 
197.91  
197.69  
197.48 

197.04 
196.82  

196 3 9  
196.18 
195.97  
195.76  

197.26 

196.60 

195.56  
195.36  
195.17 
194.98 
194.80 

194.45  
194.28  
194.12 

194.62 

P 2 / P l  

1: 0 00  0 
1.1195 
1.2442 
1 3743 
1 . 5 1 0 2  
1.6518 
1 .7993 

2.1115 
2 .2763 
2 4468 
2.6231 
2 .8852 
2 0 9 9 3 1  
3.1867 
3 .3863 
3.5916 
3.8028 
4.0197 
4.2425 
4.4712 
4.7057 
4.9460 
5 . 1 9 2 2  
5.44k2 

5 .9659 
6.2355 
6.5110 
6 .7924 
7 .0797 
7 .3728 
7 .6718 
7.9767 

1 .9525 

5 . 7 0 2 1  

9.2875 
8 .6042 
8.9268 
9 .2552 

LAST P O I N T  A T  SATURATION BOUNDARY 

T Z / T l  

1.0000 
1.0337 
1.0665 
1.0987 
1.1306 
1.1624 
1.1942 
1 .2261 
1.2582 
1.2907 
1.3235 
1.3567 
1.3904 
1 4 2 4 6  
1.4594 
104948 
1.5309 
1.5676 
1.6050 
1 .6431 

1 0 7 2 1 6  
1.7620 
1.8032 
1 8453 
1.8881 
1.9328 
1.9763 
2 0  0217 
2.0679 
2.1151 
2 .1631 
2.2120 
2.2618 
2.3126 
2.3642 
2.4168 
2 0 4 7 0 3  

1.6820 

0 2 / 0 1  

1.0000 
1.0830 
1.1665 
1.2506 
1 3354 
1.4205 
1.5058 
1 5912 
1 6764 
1.7613 
1.8457 
I 9295 
2.0126 
2.0950 
2.1763 
2.2568 
2.3361 
2.4144 
2.4914 
2.5672 
2.6416 
2.7148 
2.7866 
2.8570 
2.9260 
2 9935 
3.0597 
3 1 2 4 4  
3.1877 
3.2495 
3.3100 
3.3690 
3.4266 
3.4829 
3.5377 
3 05913 
3.6435 
3.6944 

P T 2 l P T l  

1 . 0 0 0 1  
1.0000 

9991 
9 9 6 9  
9931 

.9875 
,9800 
e.970 6 
, 9 5 9 3  

9 4 6 1  
e 9 3 1 4  

9150 
.e973 
.e713 

8 5 8 1  
8372 
8155 
7931 
7704 

.7473 
7240 
7 0 0 6  
6773 
6 5 4 1  
6 3 1 1  
60 84 

- 5 8 6 0  
5640 
5425 

- 5 2 1 5  
~ 5 0 1 1  
e 4 8 1 1  
- 4 6 1 8  

4430 
4 2 4 9  

- 4 0 7 3  
3 9 0 4  
3740 

T T t / T f l  

1.0000 
1.0000 
1.0000 

.9999 
9997 

.9994 

.9991 

.9987 

.9982 
i 99 76 

996¶ 
9962 

.9954 
9945 

- 9 9 3 6  
9926 
9916 

- 9 9 0 6  
.9895 
.9885 
.9874 

98 63 
m9852 
e 9 8 4 1  
m9830 

9 8 1 9  
.98 09 
.9798 . 97 88 
.9778 

9 7 6 8  . 9758 
.97 49 
,9740 

9 7 3 1  
.9722 
,9714 
e9706 

OT2/0Tl  

1 . 0 0 0 1  
1.0000 

.9990 
9 9 6 9  
9 9 3 1  

.9875 

. 9 8 0 1  
- 9 7 0 8  

9596 
9466 
9320 
9157 

,8982 
.e793 

8592 
8384 
8168 
7 9 4 6  

0 7719 
.7489 
~ 7 2 5 7  
0 7 0 2 4  . 6 7 9 2  

6560 
e 6330 
06104 
.5880 

5 6 6 1  
,5446 
- 5 2 3 6  
- 5 0 3 1  
- 4 8 3 1  

4638 
4450 
4 2 6 8  

a4092 
3922 

.3758 



ni 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 

1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 

1.35 

TABLE I X .  REAL-GAS NORAHL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  = 200 K 

F. PT1 = 20. A l t l  D T l  = 35.653 KGHlN3 co NCLUOEO . 

1 .0000  
.9994 
.9993 . 9995 
.9995 

9996 
9996 

-9996 
e9996 

9996 
9996 

09996 
9996 
9996 
9996 
9996 
9996 

,9995 
e9996 
e9996 
.9995 

9996 
e9996 
.9997 
e9996 
e 9996 
.9997 
.9997 
09997 . 9997 . 9997 
.9997 
.9 997 
.9997 
.9997 
.9997 
.9997 
.9998 

1 . 0 0 0 0  
1 .0000  

.9994 
9986 

.9979 

.9973 
9968 
9964 
9960 

.9956 

.9953 
9950 

.9947 

.9945 

.9943 

.9942 
9940 
9939 

.9938 

.9937 
9936 
9936 

.9935 

.9935 

.9935 

.9935 

.9935 

.9935 
-9936 
.9936 
.9937 
,9937 
,9938 
.9938 
.9939 
-9940 
.99Sl 
-9942 

1.0000 
1.oou9 
1 .0015  
1.0020 
1.0023 
1.0126 
1.0028 
1.0029 
1.0028 
1.00t7 
1.0025 
1.0021 
1.0017 
1.0013 
1.0007 
1.0002 

.9995 

.9989 
9982 

.9975 
9967 
9960 
9952 

.9945 

.9938 
e9930 

9923 
9916 

.9909 

.9902 

.9895 

.9889 

.9882 
e 9876 
e9671 

9865 
9860 

,9855 

1.0000 
9991 

a9978 
,9965 
.9954 
.9944 
.9935 
992 8 

e9922 
e 991 6 
991 2 
990 9 

,9906 
990 4 
990 3 
990 2 
990 2 
990 3 
990 4 

.990 5 
-9906 
e9908 
.9910 
,9912 
,9915 

991 7 
-9920 

-992 5 
,9922 

992 7 
e993 0 
,9933 
,993 5 
.993 1 
994 0 

.994 3 

.99c5 

.994 8 

1 .0001  
1 .0001  
1 .0001  
1.0002 
1.0003 
1.0004 
1.0006 
1.0009 
1 . O O l l  
1.0014 
1.0017 
1.0020 
1.0024 
1.0027 
1.0028 
1.0031 
1.0034 
1.0037 
1.0039 

1.0043 
1.0045 

1.0047 

1.0047 
1.0046 
1.0046 

1.0041 

1.0046 

1.0047 

1.0044 
1.0043 
1.01141 
1.0039 
1.0036 
1.0033 
1.0030 
1 0027 
1.0023 
1.0019 

1.0000 
1.0000 
1.0000 

.9999 

.9997 

.9994 
9991 

.9987 
9982 
9976 
9969 

-9962 
.9954 
.9945 
e9936 
e9926 

9916 
9906 

.9895 

.9885 
,9874 

9863 
-985 2 
.9841 
-9830 
.9819 
.9809 
.9798 
.9788 
.977 8 
e9768 
.975 8 
,9749 
~ 9 7 4 0  
e9731 
e9722 
e9714 
e9706 

1.0001 
1 . 0 0 0 1  
1 . 0 0 0 1  
1.0002 
1.0003 
1.0005 
1.0007 
l . O O i 1  
1.00 15 
1.0019 
1.0023 
1.0028 
1.0033 1.00 38 

1.0041 
1.0046 
1.0051 
1.0055 
1.0060 
1.0064 
1.0067 
1.0071 
le0074 
1.0076 
1.0078 
1.0081 1.0080 

1.0087 
1.0082 
1.0082 
1.0081 
1.0080 
1.0079 
1.0077 
1.0075 
1.0073 
le0070 
1.0067 

LAST POINT AT SAWQCTION BOUNDARY 



TABLE I X .  REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT 111 200 K 

fll  

1 . 0 0  
l e 0 5  
1 . 1 0  
1 .15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1 e60 
1.65 
1.70 
l a 7 5  
1.80 
l e 8 5  
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2 e55 
2.60 
2.65 

fl2 

1 . 0 0 0 0  
-9521 
e9111 
08745 
e841 7 
,8122 
,7855 
-7613  
e7392 
,7191 
-7006 
e6836 
-6679 
e6534 
e6401 
e6276 
~ 6 2 6 0  
e6052 
~ 5 9 5 1  
.5857 
05769  
-5686 
05608 
.5535 
e5466 
m5401 
-5340 
-5282 
e5228 
e5176 
-5126 
05080 
-5036 
e4993 

P2 
ATfl 

15.7293 
16.6064 
17  3607 
18 .0180 
18.5768 
19.0379 
19.4049 
19.6798 
19.8675 

20e0016 
19.9589 
19.8500 
19.6 822 
1 9  a4 602 
19.1906 

18 5297 
18 .1  489 
17.7417 
17.3120 
16 8644 
16.4032 
15.9312 
15.4523 
14.9694 
14.4849 
14.0015 
13.5220 
13.0455 
12  -5763 
12.1150 
l i e 6 6 2 6  
11.2201 

19.9730 

i 8 . 8 r 8 4  

t 2  
K 

165.03 
167.72 
169.98 
171 e96 

175.18 
176.49 
177.63 
178.62 
179 .48  
180.22 
180.85 
181.40 
181 a86 
182 a25 
182.57 
182.83 
183.05 
183.21 
183.34 
183.43 
193.49 

173.68 

183.52 
183.53 
183.52 
183.49 
183.44 

183.31 
183.23 
183.15 
183.06 
182.96 
182086  

183.38 

G e  P l l  = 30.  ATP! 

02 
KCM/M3 

34.939 
36.28.9 
37.423 
38.382 
39.164 
39.772 
400  214 
40.494 
40.672 
40.607 
40.459 
40.189 

39.324 
381 751 
38.098 
37.375 
36.592 
35.758 
34.882 
33.972 
33.035 
32 .078  
31.109 
30.131 
29.152 
78.174 

26.243 
25.295 
24.363 
23 .449  
22.555 
21.683 

39.80 7 

27.204 

PT2 
ATN 

30.0014 
29.9962 
29.9693 
29.905.2 
29.7933 
29.6279 
29.4968 
29.1285 
28.7943 
2 8.4Q 6 6  
27.9685 
27.4847 
26.9588 
26.7949 
25.7989 
25.1744 
24.5271 
2 3 .  ~ 6 0 5  
23.1801 
22.4886 
21.7913 
21.0910 
20.3901 
19.6932 
19 .0018  
18 .3177  
17.6447 
16.9834 
16.3353 
15.7018 
15.8837 
lk .4824  
13.8980 
13.3314 

D T I  5C.619 K G M t M 3  

t T 2  
K 

200.00 
2 0 0 . 0 0  
199.99 
199.96 
199 .91  

199.74 
199.62 
199 .40  
199 .31  
199.12 

199.84 

198.91 198.68 

198.43 
198.16 
197.88 
197.59 
197.29 
196.99 
196.67 
196.35 
196.83 
195.70. 
195.38 
195.05 
194.73 
194.41 
194.10 
193 .79  
193.48 
193.18 
192.89 
192.61 
192.33 

.PZ/Pl  

1 . 0 0 0 0  
l e 1 1 9 5  
1.2431 
1.3726 

1.6488 
1 7955 
1.9480 
2.1061 
2.2700 
2.4397 
2 .6151  
2.7962 
2 9832 
3.1759 
3.3745 
3.5788 
7.7890 
4.0049 
1.2268 
4.4544 
4.6879 
4 .9273  
5.1726 
5.4237 
5.6807 
5.9435 
6.2123 
6.4869 
6.7675 

1 . 5 0 ~ 9  

7.0539 
7.3463 
7.6446 
7.9487 

12/11 

1 . 0 0 0 0  
l e 0 3 4 1  
1.0670 
l e 0 9 9 4  
1.1315 
1.1634 
1.1952 
1.2271 
1.2592 
1.2916 
1.3242 
l e 3 5 7 2  
1.3906 
1.4245 
1.4589 
1.4938 
1.5294 
1.5655 
1.6023 
1 e 6398 
1 e 6779 
1.71b8 
1 7564 
1 7968 
1 8379 
1 . 8798 
1 9226 
1 9661 
2.0105 
2.0557 
2.1018 
2e1488 
2.1966 
2.2454 

O Z / D l  

1 .0000 
1.0822 
1.1644 
1.2474 

1.4150 
1.4992 
1.5834 
1 6676 
1 7514 
1 8349 
1.9179 
2.0003 
2.0819 
2.1628 
2.2427 
2.3217 
P.3996 
2.4764 
2.5520 
2 6264 
2 6996 
2.7714 
2.8420 
2.9111 
2.9789 
3.0453 
3.1103 
3.1739 
3.2361 
3.2969 
3.3564 
3.4144 
3.4710 

1.3310 

C l 2 / P l l  

le0000 
.9999 

9990 
m9968 

9931 

-9802  
9710 

.9598 
-9469  

9323 
e9262 

8986 
e 8798 
-8600 

8391 
81 76 

.7953 
7727 
7496 
7264 

~ 7 0 3 0  
e6797 
-6564 

6334 
e6106 
s5882 

5661 
.5445 

5234 
,5028 
e 4827 
e4633 
e 4b44 

e 9876 

TT2/111  

1 .0000  
le0000 

.9999 
a 9998 

9996 
e 9992 
e 9987 
e9981 
.99 74 
e 9965 

9956 
.9945 
.9934 
e9921 
e9908 

9894 
.9880 
.98 65 
.9849 
.9834 
.9818 
e9801 
.9785 

9769 
.9753 
.9737 

9721 
97 05 

e9689 
96 74 
9659 

e9645 
e9630 
e9616 

O f  2/01 1 

1*0000 
e 9999 
e 9989 
e 9969 
e 9932 
e 9877 
e9806 
e9715 
.960 5 
e 9478 
.9334 
e9176 
e9004 
.a818 

8622 
~ 8 4 1 6  
-8203 
.7983 
e 7758 
e 7530 

7299 
,7067 
-6834 . 
e 6603 
.6373 

6146 
.5922 
-5701 
.5485 
.5274 
,5068 
e 4867 
s 4671 
e4482 

LAST POINT A T  SATURATION BOUNDARY 



. 

tll 

1 .00  
1.05 
1.10 
1.15 
1.20 
1.25 
1-30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1-70 
1.75 
1.80 
1.85 
1.90 
1-95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2-60 
2.65 

1 . 0 0 0 0  
09990 
.9 993 
.9994 
.9994 
.9995 
.9 994 
.9994 
.9994 
.9993 
.9993 
.9992 
.9993 
e9992 
.9992 

9 992 
.9992 
.9992 
.9992 
.9991 
.9992 
,9992 
.9991 
.9992 
e9992 
.9991 . 9992 
.9993 . 9993 
,9993 
.9993 . 9994 
09994 . 9994 

1 . 0 0 0 0  
,9999 
.9985 
,9974 

9964 
.9955 

9946 
9941 

.9934 
-9'329 

9924 
9920 
9916 
9912 

.9909 
e9907 

9904 
9903 

.990 1 

.9900 

.9899 

.9898 

.9898 

.9897 
,9897 
.9897 
.9898 
.9898 
.9899 
.9899 
0 99oa 
.990 1 

9902 
e9903 

1 . 0 0 0 0  
1.0012 
1.0019 
l e  0026 
1.0  031 
1.0034 
l.OU37 
1.0037 
1.0036 
1.0036 
1.0030 
1.0825 
1 .0019  
1.0012 
1.0004 

.9995 
9986 
9976 

-9965 
.9954 
.9953 

9932 
e9921 

.9898 

.9887 
-9876  

9865 . 9854 . 9843 
.9833 
e 9823 

9814 

. m a 9  

.gee4 

1.0000 
.9984 
.9960 
.9939 
992 1 
990 5 

- 9 8 9 1  
,9879 

9869 
,9861 
.go54 
,9849 
.9845 
,9843 
e9841 
-9841 
.98Sl 

9842 
,9844 
a9846 
.9849 
~ 9 8 5 2  
,9856 
-9860 
9864 

.9668 
,9873 
.9877 
,9882 
e9886 
.9891 
.9895 
,9900- 
.9914 

1.0000 
1.0000 
1.0000 
1.0002 
1.0003 
1.0005 
1.0009 
1.0013 
1.0017 
1.0022 
1.0027 
1.0032 
1.0038 
1.0044 
le8050 
1.0055 
1.0060 
1.0065 
1.0069 
1.0073 
1.0076 
1.0079 
1.0081 
1.0083 
1.0084 
1.0084 
1.0083 
1.0082 
1.0081 
1.0179 
1.0076 
l.OI72 
1.0068 
1.0064 

1 . 0 0 0 0  
1 .0000  

.9999 
e 9996 
a9996 
9992 

.9987 

.9981 

.9974 
9965 

e9956 
.9945 
.9934 
.99Zl  
,9908 
.9894 
.9880 
e9865 
.9849 
.9834 
.9818 
a 9 8 0 1  
.9785 
-9769 
.9753 
,9737 
e9721 
09705 

9689 
,9674 
9659 

09665 
e9630 
09616 

1.0000 
1.0000 
1.0000 
1.0002 
1.0004 
1.0007 
1.00 12 
1.0018 
1.0024 
1.0031 
1.0039 
I 00 49, 
1.00 58 
1.0067 
l e  00 76 
1.0085 
1.0094 
1.0102 
1.0110 
1.0125 1.0118 

1. 0132 
1.0137 
1.0142 
1.0146 
1.0149 1.0152 

1.01% 
1-0155 
1.0156 
1.0155 
1.0154 
i o  Oi 52 
1. oi 50 

LAST POINT AT SATURATION BOUNDARY 



Ill 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1 e 4 0  
1.45 

1.55 
1.50 

1.60 
1.65 
1.70 
1.75 
1 . 8 0  
1.85 
1.90 
1 e95 
2.00 
2.05 
2110 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 

2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 

2.55 

3.00 

H2 

1 . 0 0 0 0  
~ 9 5 3 1  
.9118 
a8750 
- 8 4 2 1  
e 8 1 2 6  
.7859 
- 7 6 1 7  
- 7 3 9 6  

, 7 0 1 0  

e6684 
e6539 

- 7 1 9 5  

. 6 8 4 0  

- 6 4 0 5  
-6280 
e6164 
- 6 0 5 6  
- 5 9 5 6  
- 5 8 6 1  
.5773 
e 5 6 9 0  
- 5 6 1 2  
.5539 
54 70 

m5405 
.5344 
e 5 2 8 6  
- 5 2 3 1  
e5179 
e5130 
.SO83 
- 5 0 3 9  
.4997 
.4957 
m4918 
.4882 
.4847 
e4814 
,4783 
-4.752 

P2 
A T M  

.5281 

.5573 
5830 

.6052 

.6393 
- 6 5 1 3  

. b 2 7 9  

6602 
,6661 

6 636 
6676 

.6692 

.6634 
6573 
6493 

- 6 3 9 8  
e 6 2 9 9  

6 1  68 
, 60  37 
. 5898  
- 5 7 5 2  
a5601 
.5445 
a 5 2 8 7  
e5126  . 4965 

4 8 0 4  
,4643 
,4484 

4326 
,4172 
a4019 
.3870 

3725 
.3583 
.3 445 

3310 
,3180 

3054 
- 2 9 3 2  

2814 

TABLE X .  REAL-GAS NORM4L-SHOCK SOLUTIONS FOR NITROGEN AT T T l  = 250 K 

1 2  
K 

208.27 

214.30 
2 1 6 . 7 ~  
?18.89 
220.78 
222 e46 
223.95 

726.49 
227.57 

2 1 1  e50 

275.29 

228 54 
229.43 
230.23 
230.97 
231 e64 
232.26 
212.82 
233.34 
233.82 
234.27 

235.06 
235.42 
235.75 
236.06 

73k.68 

236.35 
236.62 
236.87 
237.11 

237.54 
237.33 

237.74 
237.93 
238.11 
238.27 
238.43 
238 58 
238.72 
238.85 
238.98 

A. PT1 

0 2  
KGM/M3 

, 8 6 7  
. 9 0 0  

930 
,954 
.974 
e989 

1 . 0 0 1  
1.007 
1.010 
1 . 0 1 0  
1.005 
.998 
.988 
.975 
e 9 6 1  
.944 
- 9 2 5  
e905 
, 8 8 4  

862  
,839 
e815 
- 7 9 1  

767 
.743 
,718 
- 6 9 4  
- 6 7 0  
e647 
a623 
- 6 0 0  
.578 
- 5 5 6  
.535 
- 5 1 4  
.494 
.474 
.455 
.437 
a419 
.402 

= 1. ATH 

PTE 
ATfl 

1.0000 
.9999 
.9989 
.9367 
- 9 9 2 8  
- 9 R 7 1  
,9794 

9698 
9582 

.9449 

.9>99 
9133 

.E953 

.E761 

. 0 5 5 8  

.a347 

.a128 

.799 4 

.7675 

.7444 
7 2 1 1  
6977 
-6744 
,6513 

6383 
6057 

.5835 
5617 

,5404 
e5195 

4992 
,4795 

5603 
.4518 

4 0 6 4  
.3 897 
.3735 
.3579 
e 3 4 2 9  

1285 

.423n 

D l 1  = 1.367 KGM/M3 

TT2 
K 

250 0 0  
250.00 
250.00 
250.00 
750.00 
250.00 
249.99 
249.99 
249.99 
249.98 
‘24% 98 
249 97 
249.97 
249.96 
249.95 
249.95 
2.t9.94 
749.93 
249.93 
249.92 
249.91 249.90 

749.90 
249.09 
249.88 
249.88  
249.87 
249.86 
249.86 
249.65 
2 4 %  8 4  
249.84 
249. 03 
249.82 
249.82 
249.81 
249.81 
249.80 
249.80 
249.79 
249.79 

P Z / P l  

1.0000 
1.1196 
1.2450 
1 3762 
1.5133 
1 6562 
1.8050 
1.9595 
2.1199 
2.2862 

2.6361 

3.0094 

2 4582 

7.8298 

3.2047 
3.4059 
3.6230 
3.8258 
4.0445 
4.2691 
4.4991 
4.7356 
4.9777 
5.2255 
5.4792 
5.7308 
6 .  00’41 
6.2753 
6.5524 
6.8353 
7.1240 
7.4185 

8.0251 
8.3372 
8.6550 
8 .  9788 
9.3083 
9.6437 
9.9650 

LO. 3320 

7. ? i n 9  

1 2 / 1 1  

1.0000 
1.0329 
1.0650 
1.0967 
1.1281 
1.1595 
1.1921 
1.2228 
1.7549 
1.2074 
1.3205 

1.3882 
1.4230 
1.4586 
1.4948 
1.5318 
1 5695 

1.3540 

1.6081 
1.6474 
1.6876 
1.7286 
1.7705 
1.8132 
1.8568 
1.9013 
1.9467 
1.9930 
2.0402 
2.0883 
2.1373 
2.1872 
2.2380 
2.2698 
2.3425 
2.3961 
2 0 4 5 0 7  
2.5062 
2.5626 
2.6200 
2.6783 

0 2 / 0 1  

1 . 0 0 0 0  
1.0839 
1.1690 
1.7549 
1.3414 
1 e4282  
1 5153 
1 6023 
1 6891 
1.7755 
1.8613 
1.9465 
7.0309 
2.1143 
2.1967 
2.2780 

2.4369 
2.3581 

2.5144 
2.5906 
2.6653 
2.7387 
2.8105 
2.8809 
2 9498 
3.0172 

3 1475 
3.2104 
3.2719 
3.3319 
3.3904 
3 e 4475 
3.5033 
3 e5576 
3.6105 
3.6622 
3.7125 
3.7615 
3 8093 
3.8559 

3.1831 

P T L / P T l  

1.0000 
.9999 
,9989 

9967 
9928 

,9871 
.9794 

9696 
95 82 

.9449 
9299 
9133 

.a953 

.E558 

.a347 

.E128 
7904 
7675 

.7444 

.7211 
6977 
6744 

e6513 
e6283 

6057 
.5835 
a5617 

5 4 0 4  
- 5 1 9 5  
e4992 
.4795 
- 4 6 0 3  
e 4 4 1 8  

4238 
-40  6 4  
e3897 
.3735 
e3579 

3429 
3 2 8 5  

. n . n i  

T T Z / T T l  

1.0000 
1.0000 
1.0000 
I. 0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9999 

.99 99 
, .9999 

.9998 

.9998 

.9998 

.9998 

.9997 

.9997 

.99 97 
9996 
9996 

e 9996 
~ 9 9 9 6  
.9995 . 9995 
.9995 
.9994 
.9994 
.9994 
.9994 . 9993 
*9993 
.9993 . 9993 
.9993 
.9992 
.9992 
e 9992 . 9992 . 9992 

OTL/DTl 

1.0000 
,9999 
.9989 

9967 
9928 

e 9 8 7 1  
.9794 

9698 
.9582 
e 9449 
.9298 
e.9133 
.a953 
- 8 7 6 1  
.a559 
.E348 

8129 
7905 

e 7676 
.7445 

7212 
.6978 
e 6745 

6514 
e6285 
e 6059 
e 5836 
e5618 
,5405 
e5196 
.4993 
- 4 7 9 6  
e4604 
- 4 4 1 9  . 4239 

4065 
e3698 
e 3736 
e 3580 

3430 
3 2 8 6  



ni 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 

1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1-70 

1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2 A 0  
2.45 
2.50 
2.55 
2 a60 

1.35 

1.75 

2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

TABLE X. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT 111 = 250 K 

A .  P T l  = 1. A i M  O f 1  = 1.367 KGM/M3 CONCLUDED. 

1 .0000  
1.0000 
1.0000 
1 .0000  
1.0000 

.9999 

.9999 

.9999 
,9999 
.9999 
.9999 
,9 999 
,9999 

9999 
.9999 
,9999 

9 999 
.9999 
.9999 
.9999 
.9999 
.9 999 
.9999 
.9999 
.9999 

1 .0000  
1 .0000  
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0001 
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 .0001  
1.0001 
1.0001 

1.0000 
1.0000 
1,0000 
1.0000 

1.0000 

1 . 0 0 0 0  
1 .0000  
1 . 0 0 0 0  
1 . 0 0 0 0  
.9999 
.9999 
.9999 
.9999 
.9999 
0 9999 
.9999 
.9999 
e 9999 
,9999 
,9999 
9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
,9999 
.9999 
.9999 
.9999 
.9999 

9999 
,9999 
0 9999 

i . o o o a  
i . o o o a  

1 .0000  
1.0000 
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 8 0 1  
1.0002 
1.0002 
1.0002 

1,0002 
1.0002 
1.0002 
1.0002 
1 . 0 0 8 2  
l . O O O 1  
1 . 0 0 0 1  
1.0001 

1 . 0 0 0 1  
1 . 0 0 0 1  
1.0800 
1.0000 
1 .0000  
1.0000 
1 .0000  
1 .0000  

.9999 

.9999 

.9999 
,9999 
.9999 
.9999 
.9998 

9998 
.9998 
.9998 

9998 
9998 

.9998 

.9 998 

1.0002 

i. o o o i  

1.0000 
,9999 
.9999 
.9999 
.9998 
.9998 
.9997 
,9997 
.9997 
,9996 
9996 

,9996 
e9996 
e9996 
.9995 
.9995 
.9995 
,9995 
.9995 
.9995 
,9995 
,9995 
.9995 
,9995 
.9995 
,9995 
0 9995 
.9995 
.9995 
e9996 
a9996 

9996 
~ 9 9 9 6  
~ 9 9 9 6  
,9996 
a9996 
-9996 
e9996 
9996 

.9997 

.9997 

1.0000 
l.OOO6 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .0001  
1.0001 
1.0001 
1.0001 
1 . o o a 1  
1.0001 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0003 
1.0003 
1.0083 
1.0003 
1.0003 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0005 
1.0005 
1.0005 
1.0005 
1.0005 
1.0005 
1.0005 
1.0005 
1.0005 

1.0000 
1.0000 
1.0000 
1.OQOO 
1.0000 
i . 0 0 0 0  
1.0000 
1.0000 

0 9999 . 9999 . 9999 . 9999 
.9999 
b9998 
.9998 

9998 
9998 

.9997 . 9997 . 9997 
9996 
9996 

e9996 
9996 . 9995 
9995 

.9995 . 9994 . 9994 

.9994 

.9994 . 9993 

.9993 
0 9993 . 9993 
.9993 
b9992 
.9992 . 9992 
.9992 . 9992 

1.1010 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0800 
1.0000 
1.0000 
1 i 0 0 0 0  
1.0000 
l . O O O 1  
1.0002 
1.0002 
1.0002 
1.0002 
1.0003 
1.0003 
1.0803 
1.0004 
1.0004 
1.0004 
lrOOO5 
1.0005 
le0005 
1.0005 
l.OQ06 
1.0066 
1.0006 
1.0006 
1.0007 
1.0007 l a O I O 7  

1.0007 
1.0007 1.ooae 

1.0006 
l e 0 0 0 8  
1.0008 
1.0008 

1 . 0 0 0 4  



H I  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 

'2.75 
e a 8 0  
2.85 
2.90 
2.95 
3.00 

H2 

1.0000 
.9531 

9 1 1  7 
a8749 
~ 8 4 2 0  
-8125 
-7858 
~ 7 6 1 5  . 73 95 
e7194 
-7009 
e6640 
e6684 
e6539 
m6405 
-6280 
-6164 
e6056 
.5955 
e5861 
.5773 
e5690 
-5613 
.5539 
-5470 
-5405 
.5344 
e5286 
e5231 
e5179 
a5130 
-5083 
-5039  
.4997 
a4956 
m4.918 
e4882 
e4847 
.e814 
-4282 
-4752 

P 2  
A TH 

1.5637 
1 6711  
1.7481 
1 8148 
1.8711 
1.9172 
1.9534 
1.9801 
1.9977 
2.0070 
2.0084 
2.0024 
I. 9900 
1.9716 
1 9478 
1.9191, 
1.8868 
1 8506 
1.8114 
1 7697 
1.7260 
1.6806 
1 6340 
1.5865 
1.5384 
1.4901 
1 e4417 
1.3936 
1 3458 
1.2986 
1.2521 
1.2064 
1.1617 
1.1180 
1.0754 
1.0339 

9936 
9546 

-9167 
,8801 

8447 

TABLE X. REAL-CAS NORIAL-SHOCK SOLUTIONS FOR NITROGEN AT 111 = 250 IC 

T2  
IC 

2a8.16 
211 40 
214.20 
216.65 
218.80 
220 .69 
222 e 3 7  
223 86 
225.19 
226.39 
227.46 
228.43 
2T9.31 
230.10 
230 83 
231 e49 
232 10. 
232 65 
233.16 
233 63 
234.06 
234.46 
234.84 
235 18 
235.50 
235 ~ 8 0  
236.07 
236.33 
236.57 
2.36.80 
237.01 
237.21 
237.40 
237.58 
237.74 
237.90 
238.05 
238.19 
238 -32 

238.57 
238 -45 

el. PTl 

D2 
KCM/M3 

2.605 
2.707 
2.794 
2.668 
2.928 
2.974 
3.007 
3.028 
3.037 
3 .W5 
3.022 
3.000 
2.970 
2.932 
2.888 
2.837 
2 7 8 1  
2.721 
2.658 
2.591 
2 e 522 
2.452 
2.380 
2.307 
2.234 
2.161 
2.088 
2.016 
1 945 
1.875 
1.806 
1.739 
1.673 
1.608 
1.546 
1.485 
1.427 
1.370 
1 0 3 1 4  
1.261 
1.210 

= 3. ATW 

PT2 
ATM 

3.0100 
2.9996 
2.9968 
2.9981 
2.9785 
2.9613 
2.9383 
2.9094 
2.8749 
2.8350 
2.7899 
2.7403 
2.6865 
2.6289 
2.56a3 
2 . 5 ~ 9  
214393 
2.3720 
2.3035 
2.2341 
2.1642 
2.0942 
2.0243 
I. 9549 
1.8862 
1.8184 
1.7516 
I. 6862 
1 0 6 2 2 2  
1.5596 
1.4987 
1.4395 
1.3819 
1.3262 
1.2722 
1.2201 
1.1697 
1.1212 
1.0144 
1.0294 

9861  

D T I  = 

TT2 
K 

250.00 
250.00 
250 00 

249.99 
249.99 
249.98 
249 97 
249.96 
249.95 
249.93 
249.92 
249.90 
249.88 
249.86 
249.84 
249.82 
249.80 
249.78 
249.76 
249.7b 
249.72 
249 69  
249.67 
249.65 
249.63 
249.61 
249.59 
249.57 
249.55 
249.53 
249.51 
249.49 
249.47 

249.44 
249.42 

249.39 
249.38 
249.37 

25a.00 

249.46 

249.41 

'4.107 K6M/M3 

P2 /P l  

1.0000 
l e i 1 9 6  
1.2450 
1.3762 
1.5133 
1.6562 
1.8049 
1.9594 
2.1196 
2.2858 
2.4577 
2.6354 

3.0085 
3.2037 
3.4049 
3.6118 
3.8245 
4.0431 
4.2675 
4aC978 
4.7338 
4.975.8 
5.2235 
5.4771 
5.7366 
6.0018 
6.2729 
6.5499 
6.8327 
7.1213 
7.4157 
7.7160 
8.0221 
8.3341 
8.6519 
8.9755 
9.3050 
9.6403 
9.9814 

10.3284 

2.8190 

T2/Tl  

1.0000 
1.9329 
1.0651 
1 5 9 6 9  
1.1284 
1.1598 
1.1914 
1.2231 
1.2552 
1.2878 
1.3208 
I. 3543 
1.3885 
1.4233 
1.4587 
1.4950 
1.5319 
1.5696 
1.6081 

1 6874 

1.7702 
1.8128 
1.8564 
1.9008 
1.9461 
1.9922 
2.0393 
2.0873 
2.1362 
2.1861 
2.2368 
2.2885 
2.3411 
2.3946 
2.4491 
2.5045 

2.6181 
2.6764 

1.6473 

1 . m ~  

2.561~8 

02/01 

i .oooa 
1.0838 
1.1687 
1.2545 
1.3409 
1.4276 
1.5145 
1.6014 
1.6880 
1.7742 
1 8599 
I. 9449 
2.0291 
2.1125 
2.1947 
2.2760 
2.3559 
2 4347 
2.5121 
2.5882 
2.6629 
2.7362 
2.8081 
2.8784 
2.9473 
3.0147 
3.0806 
3.1450 
3.2080 
3.2695 
3.3295 
3.3881 
3.4452 
3.5010 
3.5553 
3.6083 
3.6600 
3.7103 
3.7594 
3.8072 
3.8538 

PT2 IPT l  

1. 0000 . 9999 
9989 
9967 
9928 

e9871 
.9794 

9698 
9583 

-9450 
e9300 
m9134 

8955 
8763 
8561 
8350 
8131 

e7907 
7678 

.7447 
7214 

e6981 
6748 
65 16 
62 87 
6061 
5839 
5621 

a5407 
5199 
4996 

e4798 
e4606 . 4421 

4241 
-4067  
a3899 
.3737 

3581 
3431 

e3287 

l T Z / l T l  

1.0000 
1.0000 
1.0000 
1.0000 
1.0008 1.0000 . 9999 

.9999 
-9998 
.9998 
.9997 
.9997 

9996 . 9995 . 9995 . 9994 
.9993 
m9992 
.9991 . 9990 
.9990 
e9989 
a 9988 
m9987 

9986 
-9985 
e9984 

9984 
.9983 
99 82 

e9981 
9980 
9980 

.9979 
e9978 

9978 . 9977 
9976 

-9976 . 9975 
,9975 

OT2/DTl 

1.0000 . 9999 
9989 
9967 

-9928 
9871 . 9794 
9699 
9584 
9451 
9301 

e9135 
8956 

e 8765 
~ 8 5 6 3  

8351 
8133 

e7909 
7681 

m7450 
7217 
6984 
6751 

e6520 
6291 
6065 
5842 
5624 

e5411 
5202 

.4999 
-4802 
-4610 

4424 
4244 

e4070 
3902 
3741 
3585 . 3435 
3290 



n i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1 - 0 5  
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2 e50 
2.55 
2.60 
2 .65  
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

TABLE X. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT f T 1  = 2 5 0  K 

1 .0000  
1.0000 
..9999 
.9999 
,9998 
.9998 
a 9998 

9997 
.9998 
.9998 
.9998 
.9 999 
.9999 
.9999 
.9999 
.9998 
.9998 
.9  999 
.9999 
.9999 
.9 999 
.9999 
.9999 

1.0000 
1 . 0 0 0 0  
1.0000 
I. 0000  
1 . 0 0 0 0  
1 .0000  
1.0000 
I. 0000 
1.0000 
1.0000 
1 . 0 0 0 0  
1.'0000 

1.0000 
1.0000 
1.0000 
1 .0000  
.9 999 

i . o o a o  

1 .0000  
1.0000 

I. 0000 
1 . 0 0 0 0  

.9999 

.9999 

.9999 

.9998 

.9998 
,9998 
,9997 
.9997 

9996 
- 9 9 9 6  

9996 
9996 
9996 

,9995 
.9995 
.9995 
.9995 
.9995 
.9995 
.9995 
.9995 
,9995 
.9995 

9995 
.9995 
.9995 
.9995 
.9995 
,9995 
.9995 
.9995 
.9995 
I 9 9 9 5  
.9995 
.9995 
.9995 

i. a o o o  

1 . 0 0 0 0  

1 . 0 0 0 2  
1.0003 
1.0003 
1.9004 
1.0004 
1.0004 
1 .0004 
1 .0004 
1.0004 
1.0004 
1.0004 

i . o a o i  

1 .0003 
1.0003 
1.0003 
1 .0002 
1 .0081 
1 . 0 0 0 1  
1 . 0 0 0 0  
1 . 0 0 0 0  

. 9 9 9 9  

.9999 

.9998 
9997 

.9997 
9996 

.9996 
.9995 

9995 
.9994 
.9994 

9993 
.9993 

9992 
.9992 
.9992 

9 9 9 1  
. 9 9 9 1  
.9991 

9990 

4.107 KGMtN3 

0 2 / 0 1  
IDEAL DIATOMIC 

1.0000 
,9999 
.9997 
,9996 
.9995 
.9993 
,9992 
e9991 
e9990 
,9969 
,9980 
.9988 
,9987 
.9987 
,9986 
- 9 9 8 6  
e9986 
,9986 
,9986 
,9986 
,9986 
.9986 

9986 
.9987 
,9987 
,9987 
,9987 
.998 8 
.998 8 
.9988 
.9989 
.998 9 
,998 9 
.9989 
a9990 
.9990 
.999O 
a9991 
.9991 
.9991 
a9991 

1.0000 
1.0000 
1.0000 

1.0000 
1.0000 

1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0003 
1.0004 
1.0004 
1.0005 
1.0005 
1.0006 
1.0006 
1.0007 
1.0007 
1.0008 
1.0008 
1.0009 
1.0009 
1.0010 
1.0010 
1.0010 
1.0011 
1.0011 
1.OOll 
1.0011 
1.0011 
1.0011 
1 .0011  
1.0011 
1.0011 
1.0011 
1.0011 
1.0011 
l . O O l 1  

1.8000 

1 . a o o i  

1 .0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 
9998 

0 9998 
.9997 
.9997 

9996 
.9995 
.9995 
.9994 
.9993 
.9992 
.9991 
.9990 
.9990 
.9989 
.9988 
,9987 
e9986 
e 9985 
0 9984 
.9984 
.9983 
.9982 
.9981 
.9980 
.9980 
.9979 
.9978 
.9978 
.9977 
0 9 9 7 6  

9976 
.9975 
.9975 

1.0000 
1.0000 
1.0000 
l a 0 0 0 0  
1.0000 
1.0000 
1.00 00 
1.0001 
1.0002 
1.0002 
l a 0 0 0 3  
1.0004 
1.0005 
1.0005 
1.0006 
1.0007 
1.0008 
1.0009 
1.0010 1.0009 

1.0011 
1.0012 
1.0013 
1.0014 
1.0014 
1.0015 

1.0016 
1.0018 1.0017 

1.0018 
1.0018 
1.0019 
1.0019 
1.0019 
1.0020 

1.0016 

1.0020 1.0020 

l a 0 0 2 0  1.0020 

1.0020 



M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 

, 1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2 e55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2 e95 
3.00 

n2 

1.0000 
e9531 
e9116 
.E748 
,8419 
- 8 1 2 3  
.7857 
. r u 5  
e7396 
e7194 
. 7 0 1 0  
e 6 8 4 0  
a6684 
e6538 

-6280 
e6164 
- 6 0 5 6  
e5956 
- 5 8 6 2  
.5773 
-5690 
e5612 
.5539 

54 70 
a5405 
.5344 
,5286 
- 5 2 3 1  

.6404 

- 5 1 7 9  
e5130 
e5083 
.5039 
.rr997 
~ 4 9 5 6  

.4882 

.4847 
- 4 8 1 3  
e4792 

. 4 9 i n  

. 4 r 5 1  

P7 
ATH 

2 6382 
2.7839 
2.9123 
3.0235 
3.1173 
3.1942 
3.2544 
3.2989 
3.3284 
3.3439 
3.3463 
3.3367 
3.3161 
3.2857 
3.2462 
7.1989 
3.1448 
3.0847 
3.0195 
2.9502 
2.8774 
2.8019 
2.7242 
2.6451 
2.5651 
2.4846 
204040 

2.2441 
2.1655 
2.0880 
2.0119 
1 9373 
1 8645 
1.7934 

2.3237 

1.7243 
1.6571 
1.5919 
1.5788 
i . 4 5 7 7  
1.4087 

TABLE X. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN A T  iii = 250 K 

1 2  
K 

208.06 
211.30 
214.11 
216.56 
218.71 
220 0 6 1  
227 e 2 8  
223 77 
225.09 
226.28 
227.35 
228.31 
229.18 
229.98 
230 e 6 9  
2 3 1  34 
231 -94 
232.48 
232.98 
233.44 
233 e 8 6  
234.25 
234.61 
234.94 
235.25 
235.53 
2 3 5 0 8 0  
236.05 
736.78 
236.49 
236.69 
236 88 
237.06 
277.22 
237 -38  
237 53 
~ 3 7 . 6 7  
277.80 
237.92 
238 e04 
238 15  

c. P T l  

02 
KGM/M3 

4.351 
4.520 
4.666 
4.789 
4.889 
4.966 
5.022 
5.056 
5.071 
5.067 
5.047 
5.010 
4.960 
4.897 
4.823 
4.739 
4.646 
4.546 
4.440 
4.329 

%e096 
3.976 
3.855 
3.733 
3.611 
3.490 
3.369 
3.250 
3.133 
3.018 
2.906 
2.796 

4.214 

2 688 
2.58C 
2.483 
2.384 
2.289 
2.197 
2.108 
2.022 

= 5. ATH 

P 1 2  
ATM 

5 . 0 0 0 2  
5. 8995 
4.9948 
4.9837 
4.9643 
4.9356 

4.8495 
4.7921 

4,6507 
4.5681 
4.4785 

be2817 

5.8975 

4.. r 256 

c . 3 8 2 r  

5.1762 
4.0671 
3.9551 
3.8410 
3.7?54 
3.6090 
3.4921 

3.2601 
3.1455 
3 .  UT25 
2.9213 
2.8122 
2.7055 
2.6012 
2.4996 
2.4008 
2.3949 
2.2119 
7.1219 
2.0349 
1.9509 
1.8699 
1.7919 
1.7168 
1.6446 

3.3751 

011 = 

TT? 
K 

250.00 
750.00 
250.00 
249.99 
249.99 
2C9.98 
249.97 
249.95 
249.94 
249.91 
249.89 
249.97 
249.94 
2 4 9 . 8 1  
249.78 
249.74 
249.71 
249.67 
249.64 
249.60 
249.57 
249 5 3  
249. 4 9  
249.46 
749.42 
249.39 
249.35 
249.32 
749.28 
249.25 
749.22 
249.19 
"49.16 
249.1.3 
749.10 
249.07 
269.04 
249.07 
249.99 
248.97 
248.95 

6.855 KGH/M3 

P 2 / P l  

, I  

'1,0000 
1.1196 
1.2450 
1.3762 
1.5132 
1.6561 
1.8046 

2.1191 
2.2852 

1.9590 

2 . 4 5 ~ 0  
2 . 6 7 4 7  
2.8182 
3.0076 
3.2078 
3.4038 
3.6106 
3.8232 
4.0417 
4.2660 
4.4962 
4.7322 
4.9740 

5.4752 
5.7345 
5.9997 
6.2707 
6.5475 
6.8302 

5 . 2 2 ~ ~  

7.1187 
7.4131 
7.7133 
8.0193 
0.3312 
8.6489 
8.9725 

9.9r82 

9.3019 
9.6371 

10.3251 

12 /11  

1.0000 
1.0330 
1.0652 
1.0970 
1.1286 
1.1601 
1.1926 
1.2234 
1.2555 
1.2880 
1.3210 
1.3546 
1.3887 
1.4235 
1.4589 
1 4 9 5 1  
l e  5320 
1.5696 
1.6080 
1 6472 
1.6873 
1.7282 
1 7699 
1.9125 
1.9559 
1.9002 
1.9454 
1.9915 
2.0385 
2.0864 
2.1352 
2.1850 
2.2356 
2.2872 
2.3397 
2.3931 
2.4475 
2.5028 
2.5591 
2.6163 
2.6744 

0 2 / 0 1  

1.0000 
1.0837 
1.1685 
1 2542 
1.3404 
1.4?70 
1 5136 
1.6003 
1.6868 
1.7729 
1.8584 
1 9433 
2.0274 
2.1106 
2.1928 
2.2739 
2.3538 
2.4325 
2.5098 
2.5859 
2.€€06 
2.7338 
2.8056 
2.8760 

3.0122 
3.0781 
3.1426 
3.2056 
3.2671 
3 3 2 7 1  
3.3857 
3.4429 
3.4987 
3.5531 
3.6061 
3 -6578 
3.7G82 

2.9448 

3 . 7574 
3.8052 
3.8518 

P T Z / P l l  

1.0000 
e 9999 
.9990 

.9929 
e 9 8 7 1  
.9795 

9699 
.9584 

9 4 5 1  
e 9 3 0 1  

9136 
.a957 

8765 
- 8 5 6 3  

0 8 1 3 4  
- 7 9 1 0  

.9967 

.a352 

.76 82 
7451 

,7218 
6984 
6 7 5 1  

e 6 5 2 0  
62 92 

e6065 
.5843 

5624 
-5411 
,5202 
.4999 
.4802 
e 4 6 1 0  
.4424 
e4244 

4070 
390 2 

- 3 7 4 0  
.3584 
.3434 

3 2 8 9  

l T 2 / 1 1 1  

1.0000 
1.0000 
1.0000 
1.0000 
1 .0000  

8 9999 
.9999 
,9998 
.9997 
.9997 
e9996 
,9995 . 9994 

9992 
,9991 
.9990 
,9988 
,9987 
-99 86 
.99 84 
.¶¶E3 
,9981 
.9980 
.9978 

.9975 

.9974 

.9973 

.9971 
,9970 
m9969 

9967 
9966 

e 9965 
9964 
9963 

- 9 9 6 2  
9961 
9960 

.9959 

.9958 

.99r7 

DTP/DTl  

1.0000 
.9999 
.9989 

9967 
-9928 

9 8 7 1  
,9795 
0 9 7 0 0  
.9585 

9452 
9303 

e9138 
,8959 

8768 
8566 
8356 
8138 
.7914 

7686 
.7455 

7223 
6989 
6757 
6526 

b6297 
6 0 7 1  

,5848 
5670 

e5417 
,5208 
.5005 
.4808 
e4616 

4430 
4250 

,4076 
390 8 
3745 

,3589 \. 3439 . $295 



TABLE X. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  = 250 K 

M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

1 .0000 
.9999 
.9999 
.9998 
.9997 

9996 
.9997 
.9997 
.9998 
.9998 
.9998 
.9999 
.9999 
.9998 . 9998 
.9 999 
.9999 
,9999 
.9 999 
.9999 

1 .1000  
.9999 
.9 999 
.9 999 

1 .0000  

1.0000 
1.0000 
1 .0000  
1.0000 
1.0000 
1 .0000  
1.0000 
1 .0000  
1.0000 
1 .0000  
1.0000 
1.0000 

.9999 

.9999 

.9999 

1.0008 

1.0000 
i . 0 0 0 0  
1.0000 
1.0000 

.9999 

.9999 
,9998 

9996 
.9995 
.9995 
.9994 
.9994 
.9993 

9993 
,9993 
.9992 

9992 
a 9992 

9992 
9991 

.9991 

.9991 
9991 

.9991 
,9991 

9991 
.9991 . 9991 

9991 
0 9991 
.9991 
0 9991 
9991 

0 9991 
9992 
9992 
9992 
9992 
9992 
9992 

.999r 

1.0000 
1.0002 
1.0003 
1.8084 
1.0005 
1.0806 
1.0006 
1.0006 
1.0016 
1.0006 
I. 0006 
1 .0086 
1.0015 
1. 0005 
1.0004 
1.0083 
1 .0002  
I. 0002 
1 .0001  
1 .0000  

.9999 
.9998 
.9997 

9996 
.9995 

.9993 
9992 
9991 . 99.91 

.9989 

.9989 

.9988 

.9987 
-9986 

9986 
.9985 
.998S 
.9984 
.9983 
.9983 

.999c 

1.0000 
9998 

.9995 

.9993 

.999 1 

.9989 
a9986 
-9985 
.9983 
,9982 
.9980 
.9979 
.9979 
,997 8 
,997 8 
,9977 
.9977 
,9977 
.997 7 
.9977 
,9977 
-9977 
.997 8 
.9978 
-9978 
,9979 
.9979 
.9980 
,9980 
,998 1 
.9981 
e9982 
-9982 
.9983 
e9983 
.998b 
.998C 
.9985 
.9985 
,9986 
e9986 

1 . O O O O  
1.0000 
1.0000 
1.0000 
1.0001 
l . O O O 1  
1.0001 
1.0002 
1.00Q2 
1.0003 
1.0004 
1.0005 
1.0006 
1.0006 
1.0007 
1.0008 
1.0009 
1.0011 
1.0011 
1.0012 
1.0013 
1.0913 
1.OOlS 
1.0015 
1.0815 
1.0016 
1.0817 
1.OOlT 
1.0018 
1.0018 
1.0018 
1.0018 
1.0019 
1.0119 
1.0019 

1.0019 
1.0018 
1.0818 
1.0818 
1.0818 

i.0819 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9998 

.9997 

.9997 
9996 

,9995 
.9994 
9992 

.9991 

.9990 
,9968 
.9987 
,9986 
,9984 
.9983 
.9981 
09980 
.9978 
.9977 . 9975 
.9974 
.9973 

9971 
,9970 

9969 
9967 

e9966 
9965 
9964 
9963 
9962 

m9961 
e 9 9 6 0  
.9959 
.9958 

1.0000 
1.0000 1.0000 

1.0000 
1.0000 
1.0010 
1.0002 
1.0002 
1.0003 
1.0004 
1.0005 
1.0007 
1.0008 
1.0009 
1.0011 
1.0012 
1.OOlS 
1.0015 
1.0016 
1.0018 
1.0019 
1.0020 
1.0022 
1.0023 
i.002b 
1.0025 
1.0027 
1.0028 
1.0029 
1.0023 1.0030 

1.0031 
1.0031 
1.0032 
1.0032 
1.0033 
1.0033 
1.0035 
1.0034 
1.0034 
1.0034 



TBBLE X. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT 111 = 250 K 

H i  

.1.00 
l e 0 5  
1.10 
1.15 
1.20 
1 e25 
1.30 
1.35 
1.40 
1 e45 
1.50 
1.55 
l e B 0  
1 - 6 5  
1 .TO 
1.75 
1.80 
1.85 
1.90 
1 e95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
'2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

n2 

1.0000 
-9530 
a9116 
.a747 

e8124 
.7857 
e7616 
.7395 
- 7 1 9 4  
-7010 
- 6 8 4 0  
- 6 6 8 3  
,6538 
-6405 
-6280 
-6165 
.6056 
.5955 
-5O62 
.5773 
e5690 
e5613 
.5539 
e5470 
- 5 4 0 5  
.5344 
,5286 
- 5 2 3 1  

. n 4 i 8  

e5179 
e5130 
- 5 0 8 3  
e5039 
.4997 
e4956 
.4918 
e 4 8 8 1  
.4847 
~ 4 8 1 4  
- 4 7 8 2  
,4752 

P2 
ATE( 

4.2183 
4.4512 
4.6568 
4.8347 
4.9848 
5.1073 

5.2753 
5.3228 
5.3479 
5 3522 
5.3372 
5.3048 
5.2563 
5.1936 

5.0321 
4.9364 
4 8325 

4.6056 
4.4850 

4.2347 

5.2038 

5.1184 

4.7228 

4.3611 

4.1068 
3.9781 

3.7209 
3.5935 
3.4677 
3.3437 
3.2219 
3.1026 
2.9859 
2 8722 
2.7614 
7.6538 
2.5495 
2 4484 
2.3506 
2.2561 

3.0492 

T 2  
K 

207 90 

213.91 
216.43 
218.58 
27C 46 
222'.13 
223 62 
224.94 
226 1 3  
227 -19 
228 -14 
229.00 
2 2 9  78 
230 e48 
2 3 1  -12 
2 3 1  70 
2f2.23 
232.72 
233.16 
233 5 6  
233.93 
234.27 
234.59 

211.15 

234b88 
235 -15  
235.39 
735.62 
775.83 
236 e03 
236.22 
236.39 

236.70 
236.55 

236.85 
236.98 
237.10 

237 33 
237.43 
237.53 

237;22 

0. P l l  

n 2  
KGWY3 

6.982 
7.254 
7.488 
7.685 
7 045 
7.968 
8.057 
8.112 
8.136 
8.131 
8.098 
8.040 
7.960 
7.860 
7.741 
7.656 
7.458 
7.298 
7.179 
6.951 
6.767 
6.578 
6.386 

5.996 
5 .801 
5.606 
5.413 

6.197 

5.222 

4.850 
4.669 

5.034 

4.492 
4.320 
4.153 
3.990 
3.832 
3.679 
3.531 
3.388 
3.250 

= 8. A W  

PT2 
4 T n  

n.ooa7 
7.9996 
7.9922 
7.9743 
7.9433 
7 . 8 9 1 8  
7.8369 
7.7rj04 
7.6688 
7.5627 
7.4432 

7.1681 
7.0154 

7.3113 

6.0541 
6.6857 
6.5113 
6.3322 
6.1498 
5.9651 
5.7789 
5.5923 
5.4061 
5.2309 
5.0377 
4.8569 
4.6789 
4.5043 
4.33z4 
4.1565 
4.0038 
3. 8C56 
3.6970 
3.5430 
3.3389 
3.2595 
3.1750 
2.9952 

2.7501 
2,8703 

2.6344 

O T l  = 10.993 KGM/H3 

T T 2  P2/P1 T 2 l T l  
K 

250.00 
,250.00 
250.00 
249.99 
249.98 
249.97 
749.95 
249.93 
249.90 
?49.17 
249.83 
249.79 
249.74 
249.70 
249.65 
249.59 
249.54 
249 I 4 8  
749.43 
249.37 
2rt9.31 
249.25 
2q9.20 
249.14 
249.08 
249.02 
748.97 
248.91 
748 96 
248.81 
248.76 
248.71 
748.66 
24n. 61 
248.57 
748.52 

248.44 
248.40 
748.36 

748.48 

240.37 

1 *-a 0 0 0 
1 . 1 1 9 6  
1.2450 
1.3762 
1.5131 
1.6557 
1.8041 
1.9584 
2.1184 
2.2843 
2.4561 
2.6336 
2.8170 
3.0062 
3.2012 
3.4020 

3.8213 
3.6087 

4 .1~396 
4.2637 
4.4937 
4.7295 
4.9712 

5.4721 
6.7312 
5.9962 
6.2671 

5.8263 

5.2187 

6.5438 

7. i l k 7  

7.7090 
7.4090 

8.0149 
8.3267 
8.6443 
8.9677 
9.2970 
9.6322 
9.9732 

1 0 320.0 

1 .0000 
1.0331 
1.0654 
l e 0 9 7 3  
1.1289 

1.1919 
1.2238 
1.2559 
1.7884 
1.3224 
1.3549 
1.3890 
1.4238 
1.4592 
1 e 4957 
1.5320 
1.5696 
1.6080 
1.6471 
1.6870 
1 e 7278 
1.7694 
1.8119 
1.8552 
1 8994 
1.9444 
1.9904 
2.0372 
2 i 0 8 5 0  

1.1604 

2.1337 
2.1832 
2.2337 
2.2852 
2.3375 
2.3908 
2.4452 
2.5002 
2.5563 
2.6133 
2.6713 

0 2 / 0 1  

1.0000 
1.0836 
1.1682 
1.2536 
1 e3396 
1.4258 
1.5123 
1.5987 
1.6849 
1.7708 
1 e8561 
1.9408 

7.1077 
2.1897 

2.0247 

2.2707 
2.3505 
2 e4290 
2.5063 
2.5823 
2 6569 
2.7301 
7.8018 
2.8722 

3.0084 
2.9410 

3.0744 
3.1388 
3.2018 
3.2634 
3.3235 
3.3821 
3.4394 
3.4952 
3.5497 
3.6028 
3.6546 
3.7050 
3.7543 
3.8023 
3 -8490 

P T Z / P T l  

1. 0 0 0 1  
.9999 

9990 
9968 
9 9 2 9  
9872 

~ 9 7 0 1  
e 9586 
,9453 
e9304 
a9139 

8960 
e8769 

85 68 
8357 
8139 

- 7 9 1 5  
7 6 8 7  

- 7 4 5 6  
7 2 2 4  
6 9 9 0  
6758 

e6526 
- 6 2 9 7  
e 6 0 7 1  

5 8 4 9  
5630 

- 5 0 1 7  
- 5 2 0 8  
e5005 
,4807 
e4615 

4429 
4249 
40 74 

a3906 
.3744 
.3588 

3438 
3293 

- 9 7 9 6  

1.0000 
1 .0000  
1 e o 0 0 0  
1.0000 

.9999 

.9999 ' 
0 9 9 9 8  
.9997 
e 9996 
.9995 
,9993 
e 9992 
0 9 9 9 0  
e 9988 

9986 
e9984 
.9982 
.9979 
,9977 
.99 75 
e9973 
-9970 

9968 
9966 

~ 9 9 6 3  
9961 

.9959 

.9957 

.9954 
- 9 9 5 2  
e9950 
.9948 
e9946 
.9944 
,9943 
.9941 
.9939 
.9938 
e9936 
.99 34 
.9933 - -  

DTP/OTl 

1 .0000  
e 9999 
.9989 

9967 
9929 

.9873 

.9797 
9702 

.95 88 

.9455 
- 9 3 0 6  

9142 
8964 
8773 

- 8 5 7 2  
e8362 

8145 
~ 7 9 2 2  

7694 
7464 
7 2 3 1  
6 9 9 9  

- 6 7 6 6  
e6535 
0 6 3 0 6  

.5858 
5640 
5426 
5218 

e5015 
- 4 8 1 7  

4625 
.4438 
- 4 2 5 8  
40 84 
391 6 

.3753 
e 3597 

3446 
s3302 

.con0 



M l  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 

1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

1.35 

TdBLE X. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT 111 = 250 K 

CONCLUOEO. 

1 . 0 0 0 0  
.9999 
.9998 
,9996 

9996 
,9997 . 9997 
.9997 
.9998 

9998 
.9998 

9999 
.9 998 
.9998 
.9 999 
.9999 
.9999 

9998 
.9999 

9999 . 9999 
1.0000 
1.0000 

.9 999 

.9 999 
1 . 0 0 0 0  
1.0000 
1.0000 
I. 0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 . 9999 
1.0000 
1.0001 
1 . o o o i  

I .  0 0 0 0  
1.0000 
1.0000 

9999 
9998 

-9996 
.9995 
,9994 
.9993 

9992 
,9991 
.9990 
.9989 
,9989 
-9988 

9988 
.9987 
,9987 

9986 
.99a7 

. w a 6  
s 9986 

9986 
9986 
9986 

.9985 
9985 

.9985 
9986 
9986 
9986 
9986 

-9986 
,9986 

9986 
9986 
9986 

.9987 

.9987 
,9987 

.99a5 

1.0000 
1.00102 
1.0005 
1.0006 
I. 0 0 0 8  
1 . 0 0 0 6  
1.0009 
1.0009 
1.0009 
1.0009 
1.0009 
1 . 0 0 0 1  

1.0007 
1.0006 
1.0004 
1.0003 
1.0002 
1.0000 

.9999 
,9997 

9996 
.999r, 
.9993 

9991 
,9909 

9988 
9986- 

.9985 

.9983 

. 9 9 @ 1  

.9979 
9978 

e 9976 
,9975 
.9974 
.9973 

9972 
9 9 7 1  

i.ooon 

.99nz 

.9917 

1.0000 
e9996 

9992 
.9989 
.9985 
,9981 
.9977 
.997 5 
e9972 
e9970 
,9968 
,9967 
,9965 
,9964 
e9964 
,9963 
-9963 
-9963 
,9963 
996 3 

-9963 
.996h 
e9964 
e9965 
-9965 
,9966 
09967 
e9968 
e9969 
997 0 

,9970 
,9971 
,9972 
,9973 
.9974 
,9975 
,9975 

997 6 
.9977 . 9978 
.9979 

1.0001 
1.0001 
1.0001 
1.0001 
1.0001 
1.0002 
1.0002 
1.0003 
1.0004 
1.001~5 
1.0007 
1.0008 
1.0009 
1.0011 

1.0014 
1.0012 

1.0015 
1.0016 
1.0018 
1.0019 
1.0021 
1.0022 
1.0023 
1.0024 
1.0025 
1.0026 
1.0027 
1.0028 
1.0028 
1.0029 
1.0029 
1.0030 
1.0030 
1.0030 
1.0030 
1.0030 
1.0030 
1.0029 1.0030 

1.0029 
1.0029 

1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9998 

.9997 
9996 

.9995 

.9993 
-9992 
.9990 
-9988 

9986 
.9984 

9982 
.997 9 
.9977 
.9975 
.9973 
~ 9 9 7 0  

9968 
9966 

-9963 
- 9 9 6 1  
.9959 
.995 7 
.9954 

9952 
,9950 
.9948 
-9946 
,9944 
.9943 
a9941 
.9939 
.9938 
- 9 9 3 6  
.9934 
.9933 

1 .0000  
1.0000 1 .0000 

1.0000 
1.0001 
1.0002 
1.0003 
1.0004 
1.0006 
1.0007 
1.0009 
1 .0011 
1.0013 
1.0015 
1.0018 
1.0020 
1.0022 
1.0024 
1.0027 
1.0029 
1.0031 
1.0034 
1.0036 
1.00 37 
1.0039 
1.0041 
1.00  43 

1.0046 
1.0048 
1.0049 
1.00 50 
1.0051 
1.0052 
1.0053 
1.0053 
1.0054 
1.0054 
1.0055 
1.0055 
1.0055 

1.0045 



TABLE X.  REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN A T  T T 1  = 250 K 

ni 

1 .oo 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1 e45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2 e45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 

. 3.00 

n2 

1.0000 
e9530 
911 5 

e8746 
- 8 4 1 8  
- 8 1 2 3  
,7857 
- 7 6 1 6  
.7395 
- 7 1 9 4  
e7009 
- 6 8 4 0  

- 6 5 3 9  
m6404 
, 6 2 8 0  

6 1 6 4  
.bo57 

.66n3 

- 5 9 5 6  
e5861 
.5773 
e5690 
a5613 
,5539 
a5470 
e5405 
.5344 
e5286 
- 5 2 3 1  
e5179 
e5130 
e5083 
- 5 0 3 9  
.4997 
a4956 
.4918 
-4881 
- 4 8 4 6  
-4814 
e4782 
.4757 

PZ 
ATU 

5.2704 
5.5625 
5 .a i85  
6.0410 
6.2280 
6.3815 
6.5021 
6.5916 
6.6512 
6.6829 
6.6807 
6.6703 
6.6299 
6.5698 
6.4919 
6.3902 

6.L713 
6.0417 

5.7507 
5.6092 
5.4534 
5.2956 
5.1358 
4.9750 
4.8140 
4.6537 
4.4945 
4.3372 

6.2907 

5.9037 

4 . i m  
4.0299 
3.8807 
3.7348 
3.5926 
3.4541 
3.7195 
3.1890 
3 0626 
2.9402 
2.8220 

T.2 
K 

207.80 
Z11.05 
213.07 
216.34 
21A.48 
220 .37 
2271.04 
223.52 
77k.05 
276.02 
227.08 
228.03 
228.80 
279.65 
230 a35 
230.90 
2 3 1  e55 
732.07 
277.54 
2 3 2 .97 

233.72 
234.05 
234.35 

233.36 

234.64 
234 e 8 9  
235.13 
235.34 
235.54 
235 73 
235.91 

236.22 
236.36 
236.49 
236.61 
236.73 
236.81) 
23€.94 
237.03 
237.12 

236.07 

E o  P T l  

02 
KGM/fl3 

8.745 

9.378 
9.625 
9.824 
9.979 

1 0 . 0 9 0  
10.159 
10.189 

9.065 

10.183 
10.142 
10.070 

9.970 
9.81*5 
9.697 
9.529 
9.343 
9.1*4 
8.932 
8.710 
8.479 
8 . 2 a 3  
a . 0 0 3  
7.760 
7.515 
7.270 
7.027 
6.785 
6.546 
6 .311 
6 . 0 8 0  
5.853 
5.632 
5.416 
5.206 

4.804 
4.612 
4.427 
4.2*8 
4.075 

5.002 

= 1 0 .  ATM 

PT2 
A T Y  

lOeOR14 
io. o a o o  

9.9907 
9.9684 
9.9299 
9.8731 
9.7711 

9.5874 
9.4551 

9.1(117 

9.3058 
9.1412 
8.9628 
A. 7 7 2 1  
8.5705 
8.7602 
8.1426 
7.9191 
7.6917 
7.4602 
7.2277 
6.9946 
6.7619 
6.53CI 6 
6.3013 
5.0753 
5.8579 
5.6346 
5.4208 
5.2121 
5. Oq87 
4.8108 
4.6186 
4.4323 
4.2519 

3.9092 
3.7469 
3.5907 

b .  n776 

3.4k02 
3.2955 

D l 1  = 13.762 KGt4/M3 

TT 2 
K 

?50.00 
250.00 
250.00 
249.99 
249.98 
249.96 
249.94 
249.91 
749.87 
2ir9.83 
249.79 
249.74 
249.68 
249.62 
249.56 
249.50 
249.43 
249.3b 
249.29 
249.22 
249.15 
249.07 
749.00 
749.93 
249 e d 6  
248.79 
P40.72 
248 65 

248.52 
748 .45 
248.39 

248.21 
248.22 

240.58 

24a.33 

zkn.16 
~ 4 n . i i  

z*n.oi 
248.06 

747.96 
247.91 

Q Z / P l  

1.0000 
1.1196 
1.2449 
1 .3761 
1 .5121 
1.6554 
1.8037 
1.9579 
2.1179 
2.2837 

2.6329 
2.4554 

2.8161 
3.0052 
3.2002 
3.4009 
3.6075 

4.0381 

4.4920 
4.1777 I). 9693 
5.2167 
5.4700 
5 7290 
5.9939 
6.2647 
6.5413 
6.8237 
7.1120 
7.4062 
7.7062 
8.0120 
8.3236 
8.6412 

9.2937 
9.6288 
9.9697 

10.3165 

3,8198 

4.2622 

a. 9655 

T 2 / T l  

1.0000 
1.0331 
1.0655 
1.0974 
1.1290 
1.1606 
1.1922 
1.2240 
1.25Et 
1.2886 
1 3217 
1.3552 
1 3892 

1.4593 
1.4953 

1.4239 

1.5321 
1.5696 
1.6079 
1.6470 
1.6868 
1.7275 
1.7690 
1.8114 
1.8547 
1.8988 
1.9437 
1.9896 
2.0364 
2.0840 
2.1326 

2.2325 
2.2838 
2.3361 
2.3893 
2.4434 
2.4985 

2.6114 
2.6692 

2.1a21 

2.5544 

0 2 / 0 1  

1.0000 
1.0834 
I e1679 
1.2532 

1.4251 
1.5113 

1.3390 

1.5976 
i .6a37 
1 7694 
1.8546 
1 e9391 
2.0729 
2.1057 
2.1877 
2.2685 
2.3482 
2.4267 
2.5039 
2.5798 
2.6544 
2.7276 
2.7993 
2.8696 
2.9385 
3.0059 
3.0718 
3.1363 
3.1993 
3.2609 
3.3210 
3.3797 
3.4370 
3.4929 
3.5474 
3.6005 
3.6524 
3.7029 
3.7522 

3.8470 
3.aoo2 

P T Z / P T l  

1 . 0 0 0 1  
1.0000 

9991 
9968 

e 9930 
,9873 
.9797 
.9702 
,9587 

9455 
a9306 
e9241 

8963 
8772 

- 8 5 7 1  
8360 

ma143 
e7919 
e 7 6 9 1  
7460 
7226 

,6995 
e6762 

6 5 3 1  
e 6 3 0 1  
a6075 
.5853 

5635 
e 5 4 2 1  
- 5 2 1 2  
e 5 0 0 9  
.4811 
a4619 

4432 
4252 

3 9 0 9  
.3747 

35 91 
3440 
3295 

.40 7 a  

TT2/TT l  

i.aooo 
1.0000 
1.0000 
1.0000 

,9999 
.9998 
.9998 
.9996 
.9995 
.9993 

9992 
.99 89 
.9987 
.9985 

9982 
9980 

.9977 

.9974 

.9972 
9969 
9966 
9963 

.9957 

.9954 
-9952 
.9949 

9946 
.9943 
e9942 
.9938 
- 9 9 3 6  
.99 33 

9 9 3 1  
- 9 9 2 9  

9926 
9924 
9922 
9920 
.9918 
m9917 

,9960 

O T Z / O T I  

1 . o o o i  
1.0000 

9991 

9930 
.9874 
.9798 

.9589 

.9458 
,9309 
,9145 

8967 
.E777 
~ 8 5 7 6  
.E367 
-8150 
- 7 9 2 7  
e7700 

7470 

,996a 

.¶?a3 

.7238 

- 6 7 7 3  
7005 

6542 
a6313 

6087 
5865 
5647 

.5433 
5224 

e5021 
.4823 

4 6 3 1  
,4445 

4264 
,4090 

.3758 
3602 

e 3 4 5 1  
m3306 

8 3 9 2 1  



Hl 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 

1.40 
1.35 

1.45 
1.50 
1.55 
1.60 
1.65 
1 70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2 a60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3 .00  

I. 0000 
.9998 
,9997 
.9 995 
9996 
9996 
9997 
.9997 
.9 998 
.9998 
.9998 
.9 998 
.9999 
.9999 
.9998 
.9999 
.9 999 
.9999 

1.0000 
.9999 
.9999 
,9999 

1.0000 
1.0000 
.9999 
.9999 

1.0000 
1.0000 
1.Q000 
1 . 0 0 0 0  
1 .0000  
1 . 0 0 0 0  
1.0000 
1.0000 
1.0000 
1.0000 
.9999 
.9999 

1.0001 
I . 0001 
1 . 0 0 0 1  

1 . 0 0 0 0  
1 . 0 0 0 0  
1.0000 
,9999 
.9997 
,9995 
,9993 
e9992 
9990 
,9989 
-9988 
,9987 
9986 
.9985 
.9985 
.9984 
.9984 
.9983 
.9983 
.9983 
,9982 
,9982 
9982 
9982 
.9982 
9982 
m9982 
9982 
m9982 
.9982 
9982 
e9982 
9982 
9982 
9982 
.9983 
,9983 
.9983 
.9983 
.9983 
.9984 

1.0000 
1.0003 
1.0006 
1 . 0 0 0 8  
1.0009 
I. 0010 
l . O O l 1  
1.0011 
1.0011 
1.0011 
1.00ll 
1.0010 
1.0009 
1.0008 
1.0007 
1.0005 
1.0003 
1.0002 
1.0000 
,9998 
9996 

,9994 
9 992 
9990 
9988 
m9986 
.9984 
9982 

.9981 

.9979 

.9977 
,9975 
.9974 
9972 
9971 
9970 
9968 
9967 
9966 
9965 
9964 

i.oooa 
9995 
9990 
,9986 
,9980 
,9976 
,9971 
09968 
a9965 
,9962 
e9960 
.¶95 8 
,9956 
.9955 
.995c 
.9954 
09953 
.9953 
,9953 
,9954 
,9954 
,9955 
.9955 
,9956 
,995 7 
.995 8 
.9959 
a9960 
e9961  
e9962 
e9963 
.9964 
,9965 
,9966; 
.9¶67:i,, 
~9968 
a9969 
,9970 
09972 . 9973 
.9974 

, 

1.0001 
1.0001 
1.0001 
1.0001 
1.0002 
1.0003 
1.0003 
1.0004 
1.0006 
1.0007 
1.0009 
1.0010 
1.0012 
1.0014 
1.0016 
1.0017 
1.0019 
1.0021 
1.0r123 
1.0025 
1.0026 
1.0028 
1.0029 
1.0031 
1.0032 
1.0033 
1.0034 
1.0035 

1.0037 
1.0037 
1.0038 

1.0036 

1.0038 
1.0038 

1.0038 
1.~1038 

i.eo37 
1.0037 
1.0037 
1.0037 
1.0037 

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
.9999 
9998 
.9998 
9996 
.9995 
0 9993 
9992 
.9989 
.9987 
.9985 
9982 

.9980 

.9977 

.9974 
9972 
9969 
e9966 
9963 
9960 
.9957 
.9954 
9952 
.9949 
9946 
.9943 
e 9941 
.9938 
9936 

0 9933 
9931 
-9929 
a9926 
09924 
.9922 . 9920 
9916 
991 7 

1 .0001  
1 . 0 0 0 1  1.0001 

1.0002 
1.0002 
1.0003 
1.0004 1.0006 

1.0008 
1.0010 
1.0012 
1.00I4 
1.0017 1.0020 

1.0022 
1.0025 
1.0028 
1.0031 
1.0034 
1.0037 
1.0040 
1.0043 
1.0045 
1.0048 
1.00 50 
1.0052 
1.0055 
1.0057 
1.0059 1.0060 

1.0063 1.0062 

1.0066 
1.0066 
1.0067 
1. 00 68 
1. 0068 
1.0069 
1.0070 
1.0070 

1.0065 



TABLE X. REAL-GAS NORIAL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  x 250 K 

I 1  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1 e35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2 .20  
2 e25 
2.30 
2.35 
2.40 
2.45 
2 -50 
2.55 
2.60 

.2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

n2 

1.0000 
m952 8 
-9112 
-8746 
e8418 
a8123 
.7857 
-7616 
.7395 
e7194 
-7009  
e6840 
a6683 
-6538  
e6405 
e6280 
.616& 
-6056 
.5955 
,5861 
.5773 
-5690 
e5622 
.5539 
e5470 
-5405 
,5344 
a5286 
- 5 2 3 1  
-5179 
-5130 
-5083 
e5039 
e4996 
e4956 
-4916 
e4882 
.4847 
a4814 
.4783 
e4752 

P 2  
ATM 

10.5105 
11.0923 
11 e6 063 
12 0 4 71 
12.4204 
12.7279 
1 2  9707 
13.1514 
13.2736 
13.3400 
1 3  3550 
13.3210 
13.2453 
13.1289 
12.9769 
12.7936 
12.5824 
12.3471 
12.0914 
11 8183 
11 5310 
11.2323 
1 0  9250 
10.6111 
10.2929 

9.9725 
9.6515 
9.3314 
9.0135 
8.6992 
8.3892 

7.7857 
7.4935 
7.2084 
6.9308 
6.6609 
6.3991 
6.1452 
5.8997 
5 ~ 6 6 2 4  

8.0845 

r2 
K 

207.29 
210 . 57 
213.42 
215.87 
218.02 
219.91 
221 . 58 
223.06 
224.37 
225.53 
226 56 
227.48 
228 -30 
229.OC 
229.69 
230.28 
230 e 8 0  
231 -27 
231.70 
232.07 
232.41 

232.99 
233 e23 
233.45 
233.65 
233.63 
233.99 
234.14 
234.27 

234.50 
234.59 
236.68 
234.76 
234.84 
234.91 
234.97 
235.02 

235.13 

232.71 

234.39 

235.08 

F. Pll 

02  
KGM/M3 

17.657 
18.340 
18.929 
19.420 
19.819 
20.129 
20 353 
EO .494 
20.557 
20.547 
20.469 
20.326 
20.131 
19.883 
19.589 
19.255 
18.887 

18.065 

17.161 
16.688 

15.717 
15.225 
14.733 
14.242 
13.755 
13.273 
12.799 
12.332 

.11.874 
11.427 
10.990 
10.565 
10.152 

9.751 
9.362 
8.986 
8.623 
8.272 

18.488 

17.621 

16.205 

= 20 .  A T I  

PT2 
AT?l 

20.0004 
19.9974 
19.9787 
19.9349 

19.7468 
19.5966 
19.4Q81 
19.1819 
18.9202 
18.6247 
18.2987 
17. 9446 
17.5663 
17.1667 
16.7485 
16.3259 
15.0714 
15.4173 
14.9575 
14.4939 
14.0?88 
13.5639 
13.1020 
12.6441 
12 .1920  

11.3094 
10.8814 
LO. 4634 

19.13590 

11.7468 

10.0556 
9.6587 
9.2731 
0.8992 
8.5373 
8.1073 
7.8493 
7 .5232 
7.7090 
5.9065 
6.6156 

O f 1  = 27.721 KGWM3 

TT2 
K 

250.00 
250.00 
249.99 
249.98 
249.96 
249.93 
249.88  
249.83 
249.76 
249.68 
249.59 
249.50 
249.39 
249.28 
249.16 
249.03 
248 90 
248.77 
248 63 
248.49 
748.35 
248.21 
248.07 
247.93 
247.79 
247.65 
247.51 
247.37 
247.24 
Z47.11 
246.98 
246.86 
246.74 
246.62 
246.51 

246.29 
246.19 
246.09 
245.99 
245.90 

246.40 

P2 /P l  

_ .  ,*‘ 
1.0000 
1.1196 
1.2449 
1.3754 
1.5118 
1.6540 
1.8020 
1.9557 
2.1154 
2.2807 
2.4519 
2.6289 

3.0003 
3.1947 
3.3949 
3.6009 
3.8128 
4.0305 
4.2540 
4.4833 
4.7185 
4.9595 
5.2064 
5.4590 

2.8117 

5.7175 
5.9819 
6.2522 
6.5283 
6.8103 
7.0961 
7.3918 
7.6913 
7.9967 

8 .6251 
6.9480 
9.2769 
9.6114 
9.9519 

10.2984 

8.3010 

T t / T t  

1.0000 
1.0334 
1.0661 
1.0981 
1.1298 
1.1615 
1.1932 
1.2251 
1.2573 
1.2898 
1 3227 
1.3561 
1.3901 
1.4247 
1 4596 
1.4957 
1.5322 
1.5694 
1.6074 
1 6462 
1.6857 
1.7260 
1.7672 
1.8091 
1.8529 
1.8956 
1.9401 
1.9855 
2.0318 
2.0790 
2.1271 
2.1760 
2.2260 
2.276n 
2.3285 
2.3612 
2.4348 
2.4893 
2 5448 
2.6022 
2.6565 

02/01 

1 0.0 0 0 0 
1.0828 
1.1667 
1.2509 
1.3358 
1.4210 
1.5064 
1.5918 
1.6770 
1.7619 
1.8463 
1.9301 
2 -0132 
2.0955 
2.1766 
212572 

2.4145 
2 4915 
2.5671 
2.6414 
2.7144 
2.7861 
2 e 6563 
2.9252 

3.0586 
3.1231 
3.1863 
3.2480 
3 -3084 
3 3673 
3.4248 
3.4809 

3 5891 
3.6412 
3.6920 
3.7416 
3.7899 
3.8370 

2.3364 

2.9926 

3.5351 

PT2/PTl 

1.0000 
.9999 
.9989 

9967 
-9930 . 9873 
,9798 
9704 
9591 
9460 
9312 

-9149  
8972 

.e783 

.a583 

8158 
7936 
7709 

.7479 

.?247 
-7014 
e6782 

655 1 
e6322 

6096 
.5873 

5655 
5441 
5232 

-5026 
4829 
4637 
4450 
42 69 

-4094 
3925 
3762 
3604 

.3453 
-33  06 

,0374 

TTZITT 1 

1.0000 1.0000 

1.0000 . 9999 
.9998 
.9997 . 99% 
.9993 
.9990 
.9987 
.9984 
9960 
9976 
9971 

-9966 
9961 
9956 

-9951 
.9945 

9940 
.9934 

9926 
9923 

-9917 
.9911 
-9906 
.9900 
.9895 . 98 90 
.9884 
.98 79 
.9874 

98 70 
a9865 

9860 
-9856 
e9852 
m98 47 

9643 
9840 

.9636 

OTt/OTl 

1.0000 . 9999 . 9989 
9,967 

e9930 
.9875 
e 9 6 0 0  

9707 
.9595 

9465 
9320 

e9159 . 8983 
8796 

.a598 
8390 
8175 

.7955 
7729 
7501 
7270 

-7039 
-6807 

6577 
s 6349 

6123 
a5901 

5683 
-5469 

5260 
5056 
4657 

,4664 
.4477 

4296 
4121 
3951 
3766 
3630 

e 3478 
3332 



til 

1.00  
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 

2.45 
2 e50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3 .00  

2.40 

1 .0000  
.9997 
.9993 
.9995 

9996 
9996 

.9997 

.9997 

.9997 

.9998 
9998 

.9 998 

.9998 
,9998 
,9999 
,9998 
.9999 
.9999 

9998 
.9999 
,9999 
,9999 
.9999 
.9999 
.9999 

1 . 0 0 0 0  
1 . 0 0 0 0  

,9999 
1. rlooo 
1 . 0 0 0 0  
1 . 0 0 0 0  
1 .0000  
1 .0000  
1 . 0 0 0 0  
1 .0000  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 1  
1 .0001  
1.0001 
1.0001 

1 .0000  
1 . 0 0 0 0  

.9999 

.9994 

.999@ 
9986 

I 9983 
9980 

,9978 
.9976 
,9974 

9972 
.9971 

9969 
9968 
9967 

9965 
9964 

9963 
9962 

,9962 
9962 
9962 
9962 
9962 

,9966 

9963 

9962 
.9962 

9962 
-9962 
.9963 

9963 
9965 
9964 
9964 

,9964 
.9965 

9965 
996C 
9966 

1.0000 
1.0006 
1 . 0 0 1 1  
1.0014 
1.0016 
1 .0018  
1.0019 
1.0020 
I .  0020 
1 . 0 0 2 0  
1.0019 
I. 0017  
1.0016 
1 . 0 0 1 3  
1.0010 
1 . 0 0 0 7  
1 .0004  
1 . 0 0 1 1  

.9997 

.9993 

.9989 

.9985 
9981 

.997r  

.9973 
9969 
9966 

,9962 
.9958 
.9955 
s 9951 
.9948 
.99k5 

9942 
.9939 
-9936 
,9933 

9931 
9928 
9926 
9924 

1.0000 
.9990 
.9979 
a9967 
995 6 

.9947 
,9939 
e9931 
992 5 

,9915 
-9912 

990 9 
.990 7 
e9905 
990 4 

,990 3 
,9903 
990 4 

e990 4 
990 5 

e9907 
990 8 

-9910 
.9912 
e9914 
991 6 

,991 8 
992 0 
992 3 
992 5 

e9927 
993 0 

-9932 
.9934 
.993 7 
.993 9 
m9941 
,9943 
a9946 
.994 8 

.9920 

1.0000 
1 . 0 0 0 0  
1 .0000  
1.0001 
1.0082 
1.0003 
1.0005 
1.0007 
1.0009 
1.0012 
1.0016 
1.0019 
1.0023 
1.0027 
1.0031 
1.0034 
1.0038 
1.0042 
1.0046 
1.0049 
1.0053 
1.0056 
1.0059 
1.0062 
1.0065 
1.0067 
1.0069 
1.9071 
1.0073 
1.0074 
1.0075 

1.0077 
1.0077 
1.0077 
1.0077 
1.0077 
1.0077 
1.0076 
1.0075 
1.0074 

1.0076 

1.0000 
1.0000 
1.0000 

.9999 
9998 . 9997 

.9995 

.9993 

.9990 
9987 
9984 
9980 
9976 
9971 
9966 
9961 
9956 
9951 

.9945 
-9940 

9936 
9928 
9923 
9917 

.9921 
9906 

.9900 
9895 

,9890 
a 9884 
.9879 

9874 
9870 

e9865 
e9860 
-9856 
-9852 
09847 
.9843 
a9840 
,9836 

1.0000 
1.0000 1.0000 

1.0000 
1.0002 
1.0004 
1.0007 
1.0010 
1.0014 
1.0018 
1.0024 
1.0029 
1.0035 
1.0011 
1.0047 
1.0053 
1.0060 
1.0066 
1.0072 
1.0079 
1.0085 
1.0091 
1.0096 
1.0102 
1.0107 
1.0112 
1.0116 
1.0120 
1.0124 
1. 01  28 
1.0132 
1.0135 
1.0137 
1.0140 
1.0142 
1.8144 
1.0145 
1.0146 
1.0147 
1.01 1.0148 48 



TABLE X .  REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT T T I  = 250 K 

U l  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1 e 4 0  
1.45 
1.50 

1.60 
1 e55 

1.65 
1 e70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

M2 

1.0000 
- 9 5 2 6  
.Sill 
.E746 
- 8 4 1 8  
,8123 
.7857 
- 7 6 1 5  
.7395 
e7193 
.7008 
a6839 
e6682 
e6538 
,6403 
e6279 
- 6 1  64 
e6055 
.5955 
e5861 
,5772 
-5690 
e5612 
.5538 
e5470 
- 5 4 0 5  
0 5 3 4 4  
- 5 2 8 6  
e5231 
- 5 1 7 9  
- 5 1 3 0  

.5038 
- 5 0 8 3  

e4996 
e4956 
.4918 
e 4 8 8 2  
.4847 
-4814 
.4783 
a4752 

P? 
A T M  

15.7180 
16.590 1 
17.3556 
18.0143 

19.0370 
19.4fl4l 
19.6792 

18.5749 

1 9  8662 
19.9715 
19.9998 
19.9563 
19.8481 

19.4593 
19.6801 

19.1905 
18.8799 
18.5332 
i n . i 5 4 9  

i 6 . ~ 8 0 1  

17.7503 
17.3241 

16.4224 
15 9547 
15  4 7  99 

14.5211 
15. 0012 

14.0419 
13.5657 
13.0 943 
12.6291 
12.1716 
11.7228 
11.2836 
10.8549 
10.4372 
10.0311 

9.6368 
9.7546 
8.8846 
8.5269 

T2 
K 

206.80 
210.11 
212 -96  
215.42 
227.58 
219.47 
221.14 
222.61 
223.90 
225.05 
226.07 
726.96 
227.76 
228.46 
229.08 
729.62 
230.10 
230 53 
230.90 
231.23 
231.52 
231 e77 
231.99 
232.18 
732 -35  
232.49 
232.61 
232 e72 
732.81 
232.89 
232 e95 
233.01 
233.05 
233.09 
233.12 
233.14 
233.16 
2 3 7  . i ~  
233.19 
233.20 
233.21 

G. P T l  

9 2  
KGM/M3 

26.732 
27.759 
28.640 
29.376 
29.977 

T O .  7 8 4  
30.999 
31.098 
31.088 
30.976 
30.771 

30.114 
29.679 
29.183 
28.634 
2 8 . 0 4 3  
27.407 
26.743 
26.053 

30.445 

30 4 8 1  

25.343 
24.618 
23.894 
73.143 
22.401 
21.661 
20.925 
'20.196 
19.479 

18.077 

16.736 
16.090 

14.853 
14.262 
13.690 

18 .771 

17.399 

15.463 

13.137 
12.603 

= 30. ATM 

PT2 
ATU 

30.0019. 
29.9912' 
29.9697 
29.9054 
29.7929 

29.r049 
29.6273 

29.1359 
28.7913 
28.4930 
27.9646 
27.4508 
26.95C8 
26.7925 
25.7973 
25.1754 
24.5307 

23.1903 

21.8097 
21.1140 
20.4186 

19.0396 

17.6933 

16.3936 
15.7645 

14.5539 

13.4105 
12.9651 
12.3776 
1 1 . 8 2 8 1  
11.3365 
10.8527 
10.4065 

9.9669 

23.8671 

7 2 .  50 zk 

19.7257 

18.3615 

17.0369 

15.1511 

13.9734 

011 = 41.851 KGM/M3 

T T Z  
K 

250.00 
250.00 
249.99 
249.97 
249.94 
249.89 
249.83 
249 75 
249.66 
249.55 
249.47 
249.28 
249.13 
748.97 
2 4 8 . 9 0  
248.61 

248.23 
248.03 
747.83 
?47.52 
247.42 

248 43 

247.21 
247.00 
?46.79 
246.59 
246.38 
246.18 
245.98 
245.79 
245.60 
245.42 
245 2 3  
745.06 

244.72 
244.56 
244.40 

244 .89  

244.25 
244.11 
2U3 9 7  

P P / P l  

, .> li 
. '1 .0000 
1.1195 
1.2444 
1.3746 
1.5106 
1.6524 
1 . 8 0 0 1  
1.9534 
2.1125 

2.4482 
2.6246 

2.9950 
3.1889 

3.5940 

2 2775 

2.8070 

3.3805 

3.8053 
4.0224 
4.2453 
4 4742 
4.7088 
4.9492 
5.1955 
5.4477 
5.7056 
5.9695 
6.2392 

6.7962 
7.0835 
7.3767 
7.6758 

6.5148 

7.9807 
8.2915 
8.6082 
8.9307 
9.2591 
9.5934 
9.9336 

10.2796 

T 2 / T l  

1.0000 
1.0337 
1.0664 
1.0986 
1.1305 
1 1622 
1.1940 
1.2260 
1.2582 
1.2907 
1.3236 
1.3569 
1.3908 
1.4251 
1.4601 
1.4958 
1.5320 
1.5690 
1.6067 
1.6451 
1.6843 
I 7242 
1.7649 
1.8065 

1.8921 
1.9361 
1.9811 
2.0269 
2.0736 
2.1211 
2.1696 
2.2190 

2.3205 
2.3726 
2.4257 

1.8489 

2.2693 

2.4797 
2.5346 
2.5905 
2.6474 

O2/DI 

1.0000 
1.0822 
1.1650 
1.2483 
1.3323 
1.4165 
1 5010 
1.5855 
1.6698 
1.7538 
1 8374 
1.9204 
2.0028 
2.0844 
2.1652 
2.2450 

2.4025 
2.3238 

2.4781 
2 - 5 5 3 4  

2.7004 
2.7720 
2.8422 

2.9785 
3.0446 
3.1093 

3.2345 
3.2950 
3.3542 
3 -4119 
3.4683 
3.5234 
3.5771 
3 -6295 

3.7306 
3.7792 
3.8265 

2.6276 

2.9110 

3.1726 

3.6807 

P T W P T I  

1.0001 
.9999 
.9990 

9 9 6 8  
9 9 3 1  

- 9 8 7 6  
9802 

- 9 7 0 9  
.959? 

9468 
9 3  22 
9160 

,8985 
8797 

.a599 
8392 
8177 
7956 
7730 

e7502 
7270 

,7038 
,6806 
- 6 5 7 5  

6347 
e 6 1 2 1  
e5898 
e5679 

5465 
5 2  55 

e5050 
- 4 8 5 1  
a4658 
e4470 
e4288 

4113 
.3943 
.3779 

3 6 2 1  
3469 
3322 

T T P / T f t  

1.0000 
1.0000 
1 . 0 0 0 0  

.9999 

.9998 
9996 

.9993 

99 86 
9982 

.9977 
m9971 
e 9965 
.9959 
.9952 

9945 
.9937 

9929 
9 9 2 1  

a9913 
9905 

.98 97 
,9888 
e 9 8 8 0  

98'72 
0 9 8 6 3  
.9855 
.9847 
e9839 

9832 
- 9 8 2 4  

9 8  17 . 9 8  09 
- 9 8 0 2  
.97 95 
.97 8 9  
0 9 1 8 2  
97 76 

a9770 
9764 

89759 

.9990 

D T 2 / 0 T l  

1.0000 
.9999 

9989 
9969 

e9932 
.9878 

9805 
e 9714 

9605 
.9477 
.9334 

9175 
9003 

.8818 
8622 
8418 
8206 

.7987 
7764 

.7537 
7308 
7078 
6847 

- 6 6 1 8  
6390 

06165 
.5943 
0572.5 

5 5 1 1  
0 5 3 0 1  
m5096 
- 4 8 9 7  
m4703 

4515 
e 4333 

4157 
3986 
3822 

e 3663 
3510 
3362 



n i  

1.00 
1.05 
1.10 
1.15 
1 70 
1.25 

1.35 
1.30 

1.40 
1.45 
1.50 
1.55 

1.65 
1.70 
1 e75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
7.50 
2.55 

2.65 
2.70 
Z.75 
2.80 
2 - 8 5  
2.90 
2.95 

1.60 

2.60 

3.00. 

1.0000 
09995 
.9993 
0 9995 
,9995 

9 996 
9996 

e 9996 
.9997 
.9997 
0 9997 
.9997 
.9997 
.9 997 
.9997 
.9997 
.9996 
.9997 

9998 
,9998 

9998 
9998 
9998 
9998 

,9998 
.9 999 
.9999 
.9999 
.9 999 
.9999 
.9999 

1 .0000  
.9999 

1.0000 
1.0000 
1.0000 
1 . 0 0 0 0  
1 .0000  
1 . 0 0 0 0  
1.0001 

.9999 

1 .0000 
1 .0000 

(I 9995 
,9988 
,9982 
.9977 
.9973 
.9969 
,9965 
.9962 
,9959 

9956 
,9954 
.9951 

9950 
,9948 
- 9 9 4 6  
,9945 
.9944 
.9943 
.3943 
.9947 
- 9 9 4 1  

9941 
.9941 
-9941 
- 9 9 4 1  
.9941 

9941 
99C 1 
9942 
9942 

.9943 
,9943 
,9944 
.9944 
.9945 

9946 
.994: 
.9947 
9948 

1 . 0 0 0 0  
1.01)08 

l .OCJl8 
1.0022 
1 .0025  
1. 0027 
1 . 8 0 2 8  
1 .0028  
1.0027 
1.0025 
1.0023 
1.(1020 
1 . 0 0 1 6  
1 . 0 0 1 2  
1 . 0 0 0 8  

,9998 
9992 

- 7 7 8 6  
- 9 3 8 1  
.9375 
- 9 9 6 9  

9963 
.9757 

9 9 5 1  
,9945 
.9940 
,9334 

9929 
9923 
991 R 
9914 
9909 

.99n4 
9300 
9996 
9892 
9889 

.9885 
9 9 8 2  

i . o a i 4  

i . o n o 3  

1 . 0 0 0 0  
,9983 
,996 5 
-9946 

9 9 1  6 
990 3 

.989? 

,9874 
-9867 
,9862 
.9857 
,945; 

9@5 2 
-9450 
.995o 
.9950 
e9R50 
,9852 
-9853 
,9856 
985 3 

e9861 
, 9864  
e9867 
e9871 
.9874 
.9878 
, 9 8 8 1  
.9805 
,9099 
.9893 

9896 
990 0 
990 4 

,9907 
e9911 
.99!.1( 
991 9 
,9921 

.993a 

,9882 

1.0001 
1 .0001  
1.0001 
t . O O O 2  
1.0003 
1 .0005 
1.0008 
1.0012 
1.0016 
1.0020 
:.0025 
1.0031 
1.0037 
1.0043 

1.0055 

1.0068 
1.0074 
i . o o e o  
1.0085 
1.0090 
1.0095 

1.0049 

1.0067 

1.0099 

1.0108 
1.0111 
1.0114 
1.0117 
1.0119 
1 .0121 
1.0122 
1.0123 
1.0124 
1.0174 
l . (J l24  
1.0123 
1.0 123 
1.0122 
1.0121 
1.0118 

~ . 0 1 0 4  

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  

,9999 
9998 
9996 

,9993 
a9990 

9986 
9982 

.9977 
e3971 
-9965 
,9959 
,9952 
.9945 
.993 7 
e9929 

9921 
e9913 
-9905 

9897 
,9888 
e 9 8 8 0  
-9872. 

9863 
.9855 
.984 7 
.9839 
,9837 

9824 
e9817 
e9809 
.9802 
,9795 

9789 
9782 
9776 

,9770 
9764 

.9759 

1.0000 
1.0000 
1.0000 
1.0002 
1.0004 
1.0007 
1.0011 
1.0017 
1.0024 
1.0031 
1.0039 
1.0047 

1.0066 
1.0076 
1.0087 
1.0097 
1.0107 
1.0117 
1.0128 
1.0137 
1.0147 
1.0156 
1.0165 

1.0181 
1.0189 
1.0196 
1.0202 
1.0708 
1.0213 
1.0218 
1.0222 
1.0226 
1.0229 
1.0232 
1.0235 
1.0237 
1.0238 
1.0239 
1.0240 

1.0057 

1.0173 



N 
0 
Y!! 

Mi  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 

1.60 
1.65 
1.70 
1.75 
1 .80  
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

1.55 

142 

1.0000 
- 9 5 3 1  
.9118 
.8750  

8 422 
- 8 1 2 6  
.7859 
- 7 6 1 7  
.7397 
e7295 
,7011 
~6841 
- 6 6 8 4  
~ 6 5 3 9  
640 5 

e6281 
-6165 
,6057 
- 5 9 5 6  
.5862 
.5773 
-5690 
e5612 
,5540 
- 5 4 7 1  
0 5 4 0 6  
.5344 
~ 5 2 8 6  
.5231 
a5179 
e5130 
.5003 
.5039 
,4997 
.4957 
- 4 9 1 8  
04882 
.4847 
-4014 
.4783 
- 4 7 5 2  

P2 
ATM 

e 5 2 8 1  
5573 
5 829 

e6052 
6239 
6393 

e6602 
- 6 6 6 1  
e6691 
-6696 
6 676 

e6634 
6573 
6493 

e6289 
6 168 

e6037 

.6513 

-63 98 

.5n98 

.5 752 
e5601 
.5445 
e5787 

5126 
4965 
,4804 
a4643 . 4484 

4327 
e 4  172 
. 4 0 2 0  
e3871 
.3725 
,3583 
.3445 
e 3 3 1 1  
- 3 t 8 0  
,3054 

2932 
,2815 

TABLE XI. 

1 2  
K 

249.9.r 
253.A2 
257.18 
260.11 
262 68 
264.95 
266.97 
268.76 
270 e36 
2 7 1  80 

274.28 
275 e 3 4  
276.31 

273.10 

2 7 7  .i9 
278.00 
278 75 
279.43 
280.06 
2 ~ 0 . 6 4  
2 ~ 1 . 1 7  

282.14 
281 .68  

282.57 
282.97 
283.34 
283.69 
784.02 
2 84.33 
284.61 
28u.89 
285.14 
285.38 
285 e61 
285.82 
286.02 
286.?2 
286.40 
286.57 
206.73 
286.89 

REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN 4 1  T T l  = 300 K 

A. P T l  = I. 4 T M  

0 2  
KGM/H3 

.722 
, 7 5 0  
.774 
,795 
.Ell 
e 8 2 4  
.E33 
.a39 
.E41 
e 8 4 1  . e37 
,83 1 

823 
, 8 1 2  
. E O 0  

,770 
.754 
e736 
. T i 8  
.699 
.€79 
- 6 5 9  
- 6 7 9  
- 6 1 9  
,598 
,578 
,558 
,539 
e519 
e500 
, 4 8 1  
,463 
.445 
e428 
e 4 2 1  
.395 
,379 
0 3 6 4  
.349  
,335 

.?e6 

P T Z  
A T V  

i.nooo 
.9999 
.9989 

9967 
9.926 
9 8 7 1  

.9794 

.9598 
,9582 
,9449 
.9799 

9133 
.E953 

8 7 5 1  
,8559 
,8347 
.81?8 

7904 
.7675 
. 7 4 4 4  
, 7 2 1 1  
.6977 

6 7 4 4  
, 6 5 1 7  
.6294 

6858 
,5835 
, 5 6 1 1  
- 5 4 0  Cr 
e5196 
.4993 
.4795 
. 4 6 0 b  
.4418 . k 2 3 8  
e4065 
. 7 8 9 7  
.37z5 

3580 
.3430 

3 2 9 6  

U T I  = 

1 1 2  
K 

700.00 
300.00 
300.00 
300.00 
300.00 
3 0 0 . 0 0  
300.00 
299.99 
299.99 
299.99 
299.98 
299.98 
299.98 
299.97 
239.97 
299.96 
299.96 
299.95 
P99.95 
299.94 
299.94 
299.93 
299.93 
299.92 
P99.92 
299.91 
299.91 
299.31 
299.90 
299.90 
299. A9 
299.49 
299.88 
299.80 
299.68 
299.87 
299.87 
299.86 
299.86 
299.86 
299.85 

1 . 1 7 8  KGUIU3 

P2/Pl 

i ; ' oooo  
1.1196 
l e 2 4 5 0  
1.3763 
1 5133 
1 6563 
1.8050 
1.9596 
2.1200 
7.7862 
2.4583 
2 6362 
2.8199 
3.0095 
3.2049 
3.4061 
3.6132 
3.8261 
4.0448 
4.2694 
4.4998 
4.7360 
4,9781 
5.2259 
5. C796 
5.7392 
6 . 0 0 4 6  
6.2758 
6.5529 
6.8358 
7.1245 
7.4190 
7.7194 
0.0257 

8.6556 

9.3089 
' 3 .6443  
9.9856 

1 0 0 3 3 2 7  

8.3377 

8.9194 

T E / T l  

1.0000 
1.0329 
1.0650 
1.0967 
1.1281 
1.1595 
1.1910 
1.2228 
1.2549 
1 .2874  
1.3?04 
1.3540 
1.3882 
1.4230 

1.4948 
1 5318 
1.5695 

1.4585 

1.6081 
1 6475 
1 6077 
1.7287 
1.7706 
1.8133 
1.8569 
1.9015 
1.9469 
1.9931 

2 . 0 8 8 4  
2.1375 
2.1874 
2.2383 
2.2901 
2.3428 
2.3964 
2.4520 

2.5630 
2.6204 
2.6780 

2.0403 

2.5065 

G E / D l  

1.0000 
1.0839 
1 1690 
1.2549 
1.3414 

1 5153 
1.6023 
1 6891 
1.7755 
1.8614 
1.9466 

2.1143 

1.4283 

2.0309 

2.1968 
2.2780 
2.3581 
2.4370 
2.5145 
2.5907 
2.6654 
2.7387 
2.8106 
2.8810 
2 9499 
3.0173 
3.0832 
3.1476 
3.2105 
3.2720 
3.3319 
3 e3905 
3.4476 

3.5576 
3.6106 
3.6622 

3.5033 

3.7125 
3.7616 
3.8093 
3 .E559 

PTZ/  PT 1 

1 . 0 0 0 0  
.9999 
.9989 

9967 
9928 

- 9 0 7 1  
.9794 
,9698 

9582 
,9449 
.9299 

91  33 
.E953 
.E761 
.E559 
.E347 
.8128 
. 7 9 0 4  

7675 
.7444 

7 2 1 1  
- 6 9 7 7  

6744 

,6284 
6058 

.5835 
,5617 
- 5 4 0 4  

5296 
.4993 
.4795 
,4604 

4418 
4238 
40 65 

.3097 

.3735 
a3580 
.3430 
e3286 

.6513 

TT2/TTt  

1.0000 
1 .0000  
1.00110 
1.0000 
1.0000 
1.0000 
1 . 0 0 0 0  
1.0000 
1 .0000  
1 .0000  

.9999 
,9999 
,9999 
,9999 
.9999 
.99 99 
.9999 
.9998 
.9998 
.9998 
.9998 
.9998 
.99 98 
,9997 
.9997 
,9997 
.9997 
.9997 

9997 
.9997 

9996 
e 9996 
-9996 

9996 
9996 
-9996 
99 96 

e 9995 
,9995 
.99 95 
e 9995 

O T 2 / 0 T l  

1 .0000  
.9999 

9989 
9967 

.99?8 

.9071 
,9794 

9698 
.9502 
.9449 
,9298 
a9133 
.a954 
e 8762 
,8559 
,8346 

8129 
,7905 
.7676 
.7445 
, 7 2 1 2  
m6978 

6745 
a6514 

6285 
6059 

.5837 

.5619 
5405 

~ 5 1 9 7  
.4994 
.4797 
~ 4 6 0 5  
-4419 

4240 
e4066 
.3898 
e 3737 

3 5 8 1  
3 4 3 1  

.3787 



H 1  

1 . 0 0  
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1065 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

T A B L Z  X I .  REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT T T I  = 300 K 

A .  P T 1  = 1. ATE1 011 = 1.138 KGi4/M3 CONCLUOEO. 

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1.0 0 0 0  
1 .0000  
1 . 0 0 0 0  
1 .O 000 
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 .0000  
1 .0000  
1 , 0 0 0 0  
I .o 000 

.9999 

.9999 
1 . 0 0 0 0  

1 .0000  
1.0 0 0 0  
1 .0000  
1 .0000  
1 . 0 0 0 0  
1 .0000  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 .0001  
1 . 0 0 0 1  
1 .0001  
1 . 0 0 0 1  
1 .0001  
1 . 0 0 0 1  
1 . 0 0 0 1  

1 .0000  

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
I .  0 0 0 0  
1 .0000  
1 .0000  
1 . 0 0 0 0  

.9999 

1 . 0 0 0 0  
.9999 
,9999 
,9999 
.9999 
.9999 
.9999 
.9999 
,9999 
.9999 
,9999 
.9999 
.9999 
I9999 
,9999 
.9999 
.9999 
.9999 
,9999 

i . o n o o  

1 . 0 0 0 0  
. 1 . 0 0 0 0  

1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . O l ) O l  
1 . 0 0 0 1  
1 . 0 0 0 1  
l . 0 r ) O l  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
l . O Q O 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 O U l  
1 . 0 0 0 1  

1 . 0 0 0 0  
1 .0000  
1.0000 
1.l)ooo 
1 . 0 0 0 0  
1 . 0 0 0 0  
1 .0000  
1.0000 
1 .0000  
1 .0000  

.9999 

.9999 
,9999 
.9999 
.9999 
.9999 

i . o o o a  

i .  o n o o  

1 . 0 0 0 0  
.9999 
.9999 
.9999 
.9990 
999 6 

,9997 
,9997 

9997 
.9997 
,9996 
e9996 
,9996 
9996 
9996 
e9996 
.9995 
.9995 
,9995 
.9995 
,9995 
,9995 
.9995 
,9995 
,9995 
.9995 
09996 
,9996 
e9996 
9996 
9996 
9996 
e9996 
-9996 

9996 
-9996 
m9996 
e9996 
.9997 
.9997 
.9997 

1 . 0 0 0 0  
1 .0000  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 .0000  
1 .0000  
1 .0000  
1 .0000  
1 .0001  
1 . 0 0 0 1  
1 .0001  
1.0001 
1 . 0 0 0 1  
1 . 0 0 0 1  
1.0002 
1.0002 
I. 0002  
1.0002 
1.0002 
1.0003 
1.0003 
1.0003 
1.0003 
1.0004 
1.0004 
1.0004 
1.0004 
1.0004 
1.0005 
1.0005 
1.0005 
1.0005 
1.0005 
1.0005 
1.0006 
1.0006 
1.0006 
1.0006 
1.0006 
1.0006 
1.0006 

1 .0000  
1 . 0 0 0 0  
1 .0000  
1 .0000  
1 .0000  
1 . 0 0 0 0  
1 .0000  
1 .0000  
1 .0000  
1 . 0 0 0 0  

.9999 

.9999 
e 9999 
.9999 

9999 
,9999 
.9999 
.9998 
.9998 
.9998 
.9998 
.9998 
.9998 
,9997 
.9997 
,9997 
.9997 
.9997 
.9997 
.9997 
e9996 
9996 

.9996 

.9996 
9996 
-9996 
9996 

.9995 
9995 

.9995 

.9995 

1 .0000  
1 .0000 
1 .0000  
1 .0000  
1.0000 
1 .0000  
1.0000 
1.0000 
1.0000 
1.0000 1.0000 

1.0001 
1.0002 
1.0002 
1.0002 
1;0003 1.0003 

1.0003 
1.0004 
1.0004 
1.0004 
1.0004 
1.0005 
1.0006 
1.0006 
1.0006 
1.0007 
1.0007 
1.0007 
1.0007 
1.0008 
1.0008 
1.0008 
1.0009 
1.0009 
I. 0009 
1.0009 
1.0009 
1.0010 
1.0010 
1.0010 

Iu 

w 
I'O 



T A B L E  X I .  REAL-GAS NORMAL-SHOCK S O L U T I O N S  FOR N I T R O G E N  AT T T l  = 300 K 

Mi 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
I e39 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
‘1.80 
1-85 
1.90 
1 e95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 

2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

2.35 

M 2  

1.0000 
89531 
o9117 
-8750 
m8421 
-8126 
.7859 
-7617 
a7396 
-7194 
e7010 
e6840 
-6684 
-6539 
-6405 
-6280 
e6165 
e6057 
-5956 
85862 
.5773 
-5691 
.5613 
.5539 
e5470 
e5405 
.5344 
,5286 
85231 
e5179 
-5130 
-5084 
-5039 
.4997 
.4957 
.4919 
.4883 
.4847 
-4814 
-4782 
-4752 

P2 
ATM 

1.5836 
1.6709 
1 7480 
1 8147 
1 8709 
1.9270 
1 9532 
1 9799 
1 9977 
2.0069 
2.0083 
2.0025 
1.9900 
1.9716 
1 9478 
1.9194 
1.8868 
1 e8507 
1.8115 

1.7261 
1.6807 
1.6341 
1.5866 

1.4903 

1 7698 

1 5386 

1.4419 
1.3937 
1.3460 
1.2988 
1.2523 
1.2067 
1.1620 
1.1183 
1.0757 
1.0742 

.9940 

.9549 
e9170 
. 8804  
.8451 

12 
K 

249.85 
253.73 
25T.09 
260 03 
262.60 
264.87 
266089 
268.68 
270 a28 
272.72 
273 02 
274.19 
275.24 
276.21 
277.09 
277.89 
278.62 
279.30 
279.92 
280.49 
281.02 
281 e 5 1  
281.97 
282.39 
282.79 
263.15 
283 e49 
283.81 
284.11 
284.39 
284.66 
284.90 
285 14 
285.36 
285.56 
285.76 
285.95 
286.13 
286.29 
286.45 
286.60 

02 
KGM/W3 

2.167 
2.251 
2.324 
20385 
2.435 
2.474 
2.501 
2.518 

2.524 
2.514 
2.496 
2.470 

2.5F6 

2.439 
2.402 
2.360 
2.314 
2.264 
2.211 
2.156 
2.098 
2.039 
1.980 
1.919 
1.85n 
1.790 
1.737 
1.677 
1.618 
1.560 
1.503 
1.447 
1 392 
1.338 
1.286 

1.187 
1.140 
1.094 
1.050 

1.236 

1.007 

PT2 
A f M  

3.0000 
2.9996 

t.9901 
2. 9785 
2 .  9613 
2.9383 
2.9094 
2.8749 
2.8349 
2.7899 
2 . 7 4 0 2  
2 6864 

2.9960 

2.6789 
2.5682 
2.5049 
2.4394 
2.3721 
2.3036 
2.2342 
2.1643 
2.0 943 
2.0?45 
1.9550 
1.8863 
1.8185 
I. 7518 
1.6664 
1.6224 
1.5599 
1.4990 

1.3823 
1.3265 
1 e.2 72 6 

I .  4397 

1.2t05 
1.1701 
1.1215 
1.0748 
I 0798 
-9865 

D l 1  = 

TT2 
K 

300.00 
300.00 
100.00 
300.00 
700.00 
299.99 
299.99 
299.98 
299.97 
299.96 
299.95 
299.94 
299.93 
299.92 
299.91 
299.89 
299.88 

299.85 

299.82 

299.79 

299.06 

299.84 

299.80 

299.77 
299 76 
299.75 
299.73 
299.72 
299.70 
299.69 
799.68 
799.66 
299.65 
299.64 
299.63 

299.61 
299.59 
299.58 
p99.57 
299.57 

299.62 

3.416 K G M I N 3  

P2/P1 

1.0000 
I. 1196 
1.2450 
1.3762 
1.5133 
1.6562 
1.8049 
1.9595 
2.1198 
2.2860 
2.4580 
2 m 6359 
2.8195 

3.2043 
3.0090 

3.4055 
3.612C 
3.8253 
4.0439 
4.2684 
4.4987 
4.7348 
4.9768 
5.2247 
5.4783 
5.7318 
6.0031 
6.2743 
6.5513 
6.8341 
7.1227 
7.4172 
7.7176 
8.0238 
8.3358 
8.6536 
8.9773 
9.3068 
9.6421 
9.9833 
10.3303 

TZ/Tl 

1.0000 
1.0329 
1.0651 
1.0968 
1.1282 
1.1597 
1.1912 
1.2230 

1.2876 
1.3206 
1.3542 
1.3884 
1.4232 
1.4587 
1.4949 
1.5319 
1.5696 

1 6474 
1.6876 
1.7286 
1.7704 
1.8131 
1.8567 
1.9012 
1.9465 
1 9927 
2.0399 
2.0879 
2.1369 
2.1868 
2.2376 
2.2893 
7.3419 
2.3955 
2i4500 

1.2551 

1.6081 

2.5056 
2.5620 
2.6193 
2.6776 

02/01 

i . o o o a  
1.0838 
1.1687 
1.2545 
1.3409 
1.4276 
1 5145 
1 6014 
1.6881 
1.7743 
1.8600 
1.9451 

2.1126 
2.1949 
2.2761 
2.3561 
2 e4349 

2.5884 
2 6632 
2 7364 
2.8083 
2.8786 
2 9475 
3.0149 

2.0293 

2.5123 

3.0808 
3.1452 
3.2082 
3.2696 
3.3297 
3.3882 
3.4454 
3.5011 
3.5555 
3.6085 
3.6602 
3 7105 
3 7596 
3.8074 
3.8539 

PT2/PTl 

1.0000 
.9999 
.9909 
-9967 
.9928 
e9871 
.9794 
9698 
.9583 
9450 
a9300 
91 34 
,8955 
.a763 
s 8561 
8350 
8 1  31 
7907 
7679 
7447 
a7214 
e6981 
6748 
-6517 
62 88 
60 62 

.5839 
-5621 
- 5 4 0 8  
,5200 
.4997 
.4799 
,4608 
4422 
4242 

-4068 
-3900 
.3738 
.3583 
.3433 
3288 

TT2/TTl  

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 . 9999 . 9998 

.9998 

.9998 
‘i9997 
b 9997 
m9996 
99.96 
.9995 
.9995 
r9995 
.9994 
.9993 
.9993 
9992 
9992 
9992 
.9991 
.9992 
.9990 
9990 
.9989 
.9989 
.9988 
.9988 
89988 
.9987 
.9987 
,9986 
89986 
99 86 
9986 

OT2/0Tl 

1 .0000  
.9999 
.9989 
9967 

.9928 
9871 
9794 
9698 
,9584 
9451 
9301 
,9135 
8956 
8765 
8563 
88352 
8134 
7910 
~7682 
7450 

-7218 
-6984 
-6752 
6520 
6291 
60 66 
.5843 
8 5625 
a5412 
-5204 

-4803 
e4612 
4426 
m.4246 
4072 
3904 
3742 
3586 

-5001 

,3436 
3292 



n i  

1 00 
1.05 
1 - 1 0  
1.15 
1.20 
1 .25  
1.30 
1.35  
1.40 
1 .45  
1.50 
1.55 
1 . 6 0  
1 . 6 5  
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 

2 . 1 0  
2 . 1 5  
2 . 2 0  
2 .25  
2 . 3 0  
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 

2 . 7 0  
2.75 
2 . 8 0  
7.8s 
2 . 9 0  
2.9s 
3 . 0 0  

2 . 0 5 . .  

2.65 

TABLE X I .  REAL-GAS NOPYAL-SHOCK SOLUTIONS FOR NITROGEN AT 111 = 3 0 0  K 

CONCLUDED 8 .  P T L  = 3 .  ATM D T I  = 3.416 UGHln3  

1.0000 
1 . 0 0 0 0  
1 . 0 0 0 0  
.9999 
.9999 
,9999 
,9999 
.9999 
.9 998 
.9998 
.9998 

.9999 
,9999 
,9999 
.9999 
09999 
.9999 

1 . 0 0 0 0  
1 .0000  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
.9999 
.9 999 
.9999 

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 .0002 
1.0002 
1 . 0 0 0 2  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 .0000  

.9 99n 

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1.0000 
1 . 0 0 0 0  
1.0000 

.9999 

.9999 
,9999 
.9999 
,9999 
-9998 
.9998 
,9998 
.9998 
.9998 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 
,9997 
.9997 
.9997 
,9997 
.9997 
.9997 
,9997 
.9997 
.9997 
.9997 
.9997 
.9997 
.9997 

1 . 0 0 0 0  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 2  
1 . 0 0 0 2  
1 . 0 0 0 7  

1 .0003 
1 . 0 0 0 3  
1 . 0 0 0 3  

i . a a o 3  

1 . 0 0 0 3  
1 . 0 0 0 3  
1 . 0 0 0 3  
1 . 0 0 0 3  
1 . 0 0 0 2  
1 . 0 0 0 2  
1 . 0 0 0 2  
1.0002 
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  

.9999 

.9999 
,9998 
.9998 
.9998 
,9997 
.9997 
.9997 

9 9 9 6  
9 9 9 6  
9 9 9 6  
9996 

.9995 

.9995 
,9995 
.9995 
.9995 

1.0000 
.9999 
.9997 
,9996 
,9995 
,9993 
n9992 
,9991 
.9991 
.9990 
.9919 
,9989 
.9988 
.9988 

,9987 
.998? 
.9987 
.9987 
.9987 
.9987 
.9987. 
.9987 
.9987 
.9987 
.998 8 
.998 8 
.9988 
.9988 
,9989 
,9989 
.998 9 
.9990 
.9990 
,9990 
.9991 
.9991 
.9991 
.9991 
,9991 
.999 2 

,998~ 

1.0000 
1 .0000  
1 .0000  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1.0001 
1 . 0 0 0 1  
1.0001 
1 .0001  
1 . 0 0 0 2  
1 .0002  
1.0003 
1 . 0 0 0 4  
1.0004 
1.0005 
1.000s 
1.0006 
1 . 0 0 0 7  
1.0007 
1 .0008  
1 . 0 0 0 8  
1.0009 
1.0009 
1 . 0 0 1 0  
1 . 0 0 1 0  
1 . 0 0 1 1  
1 . 0 0 1 1  
1.0012 
1 . 0 0 1 2  
1.0013 
1.0013 
1.0014 
1.0014 
1.0014 
1.0015 
1.0015 
1.0014 
1.0015 
1.0015 
1.0015 

1.0000 
1 .0000  
1 .0000  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 .0000  
1.0000 

.9999 

.9999 

.9999 

.9998 

.9998 

.9998 

.9997 

.9997 
-9996 

9996 
.9995 

9995 
.9995 
.9994 
, 9 9 9 3  
.9993 
9992 
.9992 
e9992 
.9991 
.9991 

9 9 9 0  
.9990 
.9989 
.9989 
,9988 

9988 
.9988 
.9987 
.9987 
-9986 
09986 
9986 
9986 

1 .0000  
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 . 0 0 0 1  
1.0002 
1r0002 
1.0003 
1.0004 
1.0005 
1 .0006  
1 . 0 0 0 7  
1.0007 
1.0008 - 
1.0009 
1 .0010  
1 .0011 
1.0012 
1.0013 . .. 
1.0014 
1 .0015 
1 . 0 0 1 6  
1 . 0 0 1 7  
1 .0018 
1 .0019 
1.0019 
1.0020 
1.0021 
1.0022 1.0022 

1.0023 
1.0024 
1.0024 
1.0025 
1.0025 
1.0025 
1.0026 
1.0026 



tit 

1.00 
1.05 
1 .IO 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

n 2  

1.0000 
* 9 5 3 1  
.9217 
.a749 
e8420 
0 8 1 2 5  

- 7 6 1 6  
- 7 3 9 6  
e7194 
e7010 
- 6 8 4 0  
- 6 6 8 4  
,6539 
0 6 4 0 5  
- 6 2 8 1  
e6164 
m6056 
- 5 9 5 6  
e 5 8 6 1  
,5773 
05690 
- 5 6 1 3  
e 5 5 4 0  
e 5 4 7 1  
- 5 4 0 6  
.5344 
e5286 
e5232 
-5180 

,5083 
e5039 
.4997 
04957 
-491R 
0 4 6 8 2  
.ha47 
- 4 8 1 4  
- 4 7 8 2  
e4752 

.785a 

- 5 1 3 0  

PO 
A Tt4 

2.6381 
2.7836 
2.9120 
3.0231 
3.1170 
3 0 1 9 3 8  
3.2543 
3.2989 
3.3284 
3.3439 
3.3463 
3.3367 
3.3161 
3.2856 
3.2461 
3.1989 
3.1448 
3.0847 
3.0196 
2.9503 
2.8775 
7 . 8 0 2 0  
2.7245 
2 645k 
2.5654 
2.4849 
2.4044 
2.3242 
2.2446 
2.1660 
2.0886 
2.0125 
1.9380 
1 8 6 5 1  
1.7941 
1.7250 

1.5927 
1.5796 
1.4686 
1.4096 

1.6578 

TABLE X I .  

T 2  
K 

249.75 
253.64 
257.00 
259.94 
262 52 
264.79 
266.81 
2 6 8  60 
270 20 
2 7 1  63 
272.92 
274.09 
275.14 
276.10 
276.97 
2 7 7  e 7 7  
278.50 
219.17 
279.79 
280.35 
2 8 0  a 8 7  
2 8 1  a36 
281.80 
282.22 
282.60 

283.30 
283.61 
283.90 
284 .17  
2 8 4 . 4 3  
284.67 
284.90 
285.11 
285.31 
285 5 1  
285.68 
285.85 
786.02 

282 -96  

2~6.17  
2~16.31 

REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN AT f T 1  = 300 K 

C. QTl 

0 2  
KGH/U3 

5.614 
3.754 
3 .876 
3.978 
4.061 
4.125 

4 . 2 0 0  
4.212 
4.209 
4.172 
4.162 
4.120 
4.068 
4.006 
3.937 
3 860 
3.777 
3.689 
3.597 
3 .501 
3.403 

4 . 1 7 1  

3.304 
3.203 
3.102 
3.001 
2.900 
2.800 
2.701 
2.604 

2.415 
2.324 
2.235 
2.148 
2,064 
1.982 
1.913 
1.827 
1.753 
1.682 

2.509 

= 5. ATH 

PT2 
ATM 

5 . 0 0 0 1  
4.9994 
4.9947 
4.9876 
4.9642 
4.9356 
4.6973 
4.8493 
4.7919 
c. 7 3 5 4  
4.6506 
4.5579 
4.4783 
lr.3826 
4.2816 
4.1762 

6 

4.0 67U 
3.9550 
3.8409 
3 7254 
2.6rJ90 
3.4924 
3.3760 
3.2604 
3.1459 

2.9218 
2.9127 
2.7060 
2.6018 
t . 5 0 0 3  
2.4015 
2.3056 
2.2127 
?.1?77 
2.0358 
1. 9518 
1.8709 
1.7929 
1.'178 
1.6456 

3.0 7?9 

UT1 = 

T T 2  
K 

300. .00 
300.00 
300.00 
JOO.00 
299.99 
299.99 
299.98 
399.97 
299.96 
299.94 
299.93 
?99.91 
299.89 
299.87 
299.85 
299.62 
399. no 
299.78 
299.75 
299.73 
299.70 
299.68 
299.65 
299.53 
299.60 

799.55 
299.53 
799.51 
299.49 
299.46 
299.44 
299.4u 299.42 

299.50 

299.38 
299.36 
299.34 
299.33 
799.31  
'99.29 
299.28 

5.695 KGWMJ 

P Z / P l  

1.0000 
1.1196 
1.2450 
1 3762 
1.5133 
1.6562 
1.8049 
1.9594 
2.1196 
2.2857 
2. $576 
2.6354 
2.8190 
3.0084 
3.2036 
3.40k7 
3.6117 
3.8244 
4.0430 
4.2674 
4.4976 
4.7337 
4.9756 
5.2233 
s.;rr69 
5.7363 
6.0016 
6.2727 
6.5496 
6.8373 
7.1209 
7.4154 

8.0218 
8.3337 
6.651 5 
8.9751 
9.3046 
9.6398 
9.9@10 

10.3279 

r . 7 1 5 7  

T21T1 

1.0000 
1.0330 
1.0652 

1.1284 
1.1598 
1.1914 
1 i i 232  
1.2553 
1.2878 
1.3208 
1 3544 
1.3885 
1.4233 
1.4588 
1.4950 

1,0969 

1.5319 
1.5696 
1,6081 

1.6875 
1.7285 
1.7702 
1.8129 
1.8564 

1.9461 
1.9923 

i. 6474 

I .  9008 

2.0394 
2.0874 
2.1363 
2.1861 
2.2368 
2.?885 
2.3422 
2.3947 
2.4492 
2.5045 
2.5609 
2.6282 
2.6764 

02/01 

1.0000 
1.0837 
1.1685 
1.2542 
1.3404 
1 4270 
1.5138 
1.6005 
1 6870 

1 8586 
1 9435 
2.0277 
2.1109 
2.1930 
7.7741 
2.3541 
2.4328 
2.5101 

1 . 7 7 3 1  

2 .;E62 
2.6609 
2 7 3 4 1  
2.8059 
2.8763 
2.9451 
3.0125 
3.0784 
3.1429 
3.2058 
3 e2673 
3.3274 

3.4431 
3.4989 
3.5533 
3.6063 
3.6580 
3.7084 
3.7576 
3.8054 
3.8520 

3.3860 

P T 2 / P T l  

1.0000 
.9999 
.9989 
m9967 
.9928 

9 8 7 1  
.9r 9 5  
.9699 
.9584 
e 9 4 5 1  
.9301 
.9136 
,8957 
s 8765 
.E563 
- 8 3 5 2  

8134 

.7682 

.7451 

.7218 
6985 
6752 

- 6 5 2 1  
.62 92 
.6O 66 
,5844 
.5625 
- 5 4 1 2  

5 2 0 4  
,5001 
.4803 
.4611 

e7910 

4425 
4245 

- 4 0 7 2  
e3904 

3742 
3 5 8 6  

,3291 
.3436 

T T 2 / l T l  

1.0000 
1.0000 
1.0000 
1.u000 
1 .0000  
1.0000 
.9999 
,9999 
,9999 
.9998 
.9998 
.9997 

9996 
9996 

.9995 
,9994 
.9993 
,9993 

9992 
- 9 9 9 1  

9990 
,9989 

9988 
.9988 
.9987 

99 86 
.9985 
.9984 
,9984 
.9983 
e9982 
-9981 
.9981 
-9980 
- 9 9 7 9  
.9979 
.9978 
.9978 
0 9977 

99 76 
9976 

OTZ/OTl 

1.0000 
.9999 
0 9989 

9967 
9928 

.9871 

.9794 
,9699 
.9585 

9452 
,9303 

9138 
.a959 
8 8768 

8567 
8356 
8138 
7915 
7687 

7224 
6 9 9 1  

,6756 
6527 
6298 

- 6 0 7 2  
5850 
5632 

e5419 
a5210 
.5007 
,4810 
~ 4 6 1 8  

4432 
4252 

,4078 
3910 
3748 

a3592 
3442 

.3297 

,7456 



M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1 e45 

1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.65 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 

1.50 

2.45 
2.50 
2.55 

2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

2.60 

1.0000 
1.0000 

.9999 

.9 999 

.9998 

.9998 

.9997 
9998 

.9 998 

.9999 

.9999 

.9999 

.9999 

.9999 

.9999 

.9999 

.9999 
9 999 

.9999 

.9999 
1.0000 
1.0000 
1.0000 
1.0000 
1 .0000 
1 .0000 
1.0001 
1 .0001  
1 . 0 0 0 1  
1.0001 

1.0001 
1 . 0 0 0 1  
1.0001 
1 . 0 0 0 1  
1 . 0 0 0 0  
1.0000 
1 . 0 0 0 0  
1.0000 
1.0000 

.999n 

i . a o o i  

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
l.OOO@ 
1 . 0 0 0 0  

.9999 
,9999 

9999 
,9998 
.9998 
.9997 
,9997 
-9996 

9996 
.9996 
-9996 
- 9 9 9 6  
,9995 
.9995 
.9995 
.9995 
,9995 
,9995 
,9995 
,9995 
.9994 
,999u 
,9994 
,9994 
,9994 
.9994 
.9994 
,9995 
,9995 
.9995 
.9995 
.9995 
,9995 
.9995 
.9995 
.9995 

r . o o p o  
1.0001 
1.0002 
1 . 0 0 0 3  
1.0903 
1.0004 
1 . 0 0 0 4  
1.3005 
1 O905 
1.9005 
1 . o o o c  
1.0004 
1.00D4 

1.1)003 
l .Ol103 
1.0002 
1.R0OE 
1 . 0 0 0 1  
1 . 0 0 0 1  
1. O ’ J O O  
1 . 0 0 0 0  

,9999 

,9998 
.9997 

9q96 
.9995 
.9995 
.9995 
,9994 
.9795 
.9993 
.9993 

9992 
.9997 
,9992 
- 9 9 9 1  
.9991 

9991 
9790 

i .ooa4 

.999n 

1 . 0 0 0 0  
,9998 
,9995 
.9993 
e9991 
,999 9 
.998? 
,9985 
,9984 

9983 
. w n 2  
- 9 9 9 1  
e9980 
.9979 
.9979 
I99T 5 
.997 8 

9975 
.997 0 
.9974 

997 8 
.997 9 
.99?9 
,9919 
.9979 
,9980 
998 0 

,9981 
,9951 
9982 

.9982 

.996T 

.9983 

.9984 
e9984 
,9985 
.998 5 
,9985 
- 9 9 8 6  
e9936 
,9967 

1 .o 0 0 0  
1.0000 
1.0000 
1.0000 
1.0000 

1 . 0 0 0 1  
1.0001 
1.0002 
1.0003 
1.0004 

1.0005 
1.0006 
1.0007 
1.0008 
1.0009 
1.0010 
1.0011 
1.0012 
1.0013 
1.0014 

1.0016 
1.0016 
1.0017 
1.0018 
1.0019 
1.0020 
1.0020 
1.0071 
1.0021 
1.0022 
1.0022 
1.0022 
1.0023 
1.0023 

i . o o a i  

1.0004 

1.0015 

1.0023 
1.0023 
1.0024 
1.0024 

1.0000 
1.0000 
1.0000 
1.0000 
1 . 0 0 0 0  
1.0000 

,9999 
.9999 
.9999 
.9998 

.9997 
9996 
9996 

.9995 

.9994 

.99¶3 

.9993 
9992 
9991 
9990 

,9989 
9989 

,9980 
.9987 
a9986 
.9985 
,9984 
,9984 
.9983 
.998P 
.9981 

9981 
,9980 
.997 9 
.9979 
.9978 

9978 
.9977 
,9976 
.9976 

, 9 9 9 ~  

1 . 0 0 0 0  
i . 0 0 0 0  
1.0000 
1.0000 
1.0000 
1.0000 
1 . 0 0 0 1  
1.0002 
1.0003 
1.0004 
1.0005 
1 . 0 0 0 7  

1.0010 
1 . 0 0 1 1  
1.0012 
1.0014 
1.0015 
1.0017 
1.0019 
1.0020 
1.0022 
1.0024 
1.0025 
1.0027 
1.0028 
1.0030 
1.0031 
1.0032 

i.ooon 

1.0033 
1.0034 
1.0036 
1.0037 
1.0037 

1.0039 
1 .0040  

1.0038 

1.0040 
1.0041 
1.0042 
1.0042 



n t  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1 a30 
1.35 
1 . 4 0  
1.45 
1 a50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.96 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2 .40  
2 e45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2 0 9 5  
3.00 

n2 

1 . 0 0 0 0  
- 9 5 3 1  
,9116 
,6748 
e8419 
e8124 
e7859 
.7616 
e7396 
e7194 
e7010 
.6840 
.6684 
e6539 
e6405 
e 6 2 8 0  

- 6 0 5 7  
e5956 
a5862 
.5774 
-5690 
e5613 
.5539 
a5471 
- 5 4 0 6  
.5344 
e5286 
e5232 
-5180 
,5130 
~ 5 0 8 4  
- 5 0 3 9  
.4997 
.4957 
- 4 9 2 8  
- 4 8 8 2  
.4847 
m4814 
e4782 
e4752 

- 6 1 6 5  

P2 
A TM 

4.2178 
4.4506 
4.6560 
4.8338 
4.9940 
5.1072 

5.2751 
5.3225 
5.3b77 
5.3520 
5.3370 

5.2562 
5.1936 
5.1193 
5.0321 

5.2036 

5.3045 

4.9364 
4.8326 
4.7220 
4.6059 
4.4854 
4.3615 
4.2353 
4.1074 
3.9788 

3.7219 
3.5947 
3.4689 
3.3450 
3.2233 

3.0501 

3.1041 
2.9875 
2.8739 
2.7632 
2.6557 
2.5514 
2.4504 
2.3526 
2.2582 

TABLE X I .  

1 2  
K 

249.61 
253.50 

259.81 
2 5 6 . 8 ~  

262.40 
264.67 
266.68 
268.47 
270 a 0 7  
2 7 1  -50 
27?.78 
273.95 
274.99 
275.95 

277.60 
278.32 
278.98 
279.58 
2 8 0  e14 
280.65 

276.81 

281.13 
2 8 1  56 
281.96 
282.34 
282.68 
283.01 
283.31 
283.59 
283.85 
284.10 
28b.33 
2 8 4 . 5 ~  
284.75 
286.94 

285 - 2 9  
285.12 

285.45 
285.61 
285.75 
285.88 

REAL-GAS NO2MAL-SHOCK SOLUTIONS FOR NITROGEN A T  T T I  = 300 K 

0. P T l  = 8 .  4 T H  

0 2  
KGH/fl3 

5.788 
6 . 0 1 3  
6.208 
6.371 
6.504 
6.606 
6.690 
6.726 
6.746 
6.741 

6.667 

6.517 
6.419 
6.307 
6.185 
6.052 

6.714 

6.60 0 

5.912 
5.765 
5.61? 
5.456 
5.297 
5.136 
4.974 
4.812 
4.651 
4.491 
4.333 
4.177 
4.024 
3.874 
3.728 
3.585 
3.446 
3.312 
3.181 
3.054 
2.931 
2.813 
2.699 

p T 2  
LITH 

e.0003 
7.9991 
7 . 9 9 1 ~  
7.9739 
7.9429 
7. 8373 
7.8364 
7.7598 

7.5522 
7.6683 

7.4426 
7.3107 
7.1677 
7.0148 
6.8536 
6.6852 
6.5110 

E. 1 4 9 8  
5.9651 

5.5925 
5.4064 
5.2215 
5 . 0 3 8 4  
4.8577 
4.6799 
4.5055 
4.3347 
4.1679 
4.0054 
3.8C73 
3.6937 
3.5449 
3.4009 
3.2616 
3.1271 
2.9974 
2.8725 
2.7522 
2.6360 

6.3321 

5.7791 

0 1 1  = 

1 1 2  
K 

300.00 
300.110 
300.00 
299.99 
299.99 
299.98 
799.97 
299.95 
299.93 
299.91 
299.88 
299.85 
299.82 
299.79 
799.76 
299.72 

299.65 
299.61 
799.57 
299.53 
299.49 
299.45 
299.41 
?99.37 
299.33 
799.29 
299.26 
299.22 
299.18 
299.15 
299.11 
299.08 

299.02 
298.99 
298.96 
298.93 
298.90 
298.88 
298.85 

299.68 

799.05 

9.116 KGH/V3 

P 2 / P l  

1.0000 
I. 1 1 9 6  
1.2450 
1.3762 
1.5132 

1 .-BO 4 6  
1.6561 

1.e.95 90 
2 ~ 1 1 9 1  
2.2852 
2 4570 
2.6347 
2.8182 
3.0076 
7 . 2 0 2 7  
3.4037 
3.6105 
3.8231 
4.0416 
4.2659 
4.4961 
4.7321 
4.9739 
5.2215 
5.4750 
5.7343 
5.9994 
6.2704 
6.5473 
6.8299 
7.1184 
7.4128 
7.7130 
8.0190 
8.3308 
8.6485 
0.9721 
9.3014 
9.6366 
9.9777 

1 0  3247 

T Z / T l  

1.0000 
1.0330 
1.0653 
1.0970 
1.1286 
1.1601 
1.1916 
1.2234 
1.2556 
1.2881 
1.3211 
1.3546 
1.3888 
1.4236 
1 4590 

1.5321 
1.4952 

i. 5697 
1.6081 
1.6474 
1 6874 
1.7283 
1.7700 
1.8226 
1 8560 
1.9003 
1.9456 
1.9917 
2.0387 
2.0866 
2.1354 
2.1851 
2.2358 
2.2874 
2.3399 
2.3933 
2.4477 

2.5593 
2.6265 
2.6746 

2.5030 

D2/01 

1.0000 
1.0836 
1.1682 
1.2536 
1 3397 
1 4261 
1.5125 
1 5990 
1.6852 
1.7711 
1.8565 
1.9412 
2.0251 
2.1082 
2.1902 
2.2712 
2.3510 
2.4296 
2.5069 

2.6574 
2.7306 
2.8024 
2.8727 
2.9416 
300090 
3.0749 
3.1393 

2.5828 

3.2023 
3.2638 
3.3239 
3.3826 
3.4398 
3.4956 
3.5501 
3.6032 
3.6549 
3.7054 
3.7546 
3.8025 
3.8493 

PT2/PT l  

1.0000 
,9999 
- 9 9 9 0  

9967 
- 9 9 2 9  

9872 
.9795 
e9700 
,9585 

9453 
- 9 3 0 3  
.9138 
e8960 

8768 
8567 

8139 
a7915 
e7687 

7456 

6 9 9 1  

6527 
6298 

e6072 
e5850 
- 5 6 3 2  
- 5 4 1 8  

52 1 0  
e 5 0 0 7  
,4809 
e4617 

4 4 3 1  
4 2 5 1  

- 4 0 7 7  
3909 

.3747 
3 5 9 1  
3440 
3 2 9 6  

.a356 

.7224 

.6758 

T T 2 / T T l  

1 . o o o o  
1.0000 
1.0000 
1.0000 1.0000 

.9999 

.9999 

.9998 

.9998 

.9997 
9996 

.9995 

.9994 

.9993 
9992 

.9991 

.9989 

.9988 
- 9 9 8 7  
- 9 9 8 6  
.9984 
.9983 
.99 82 
e9980 
.9979 
.9978 

9976 
.9975 
.9974 
09973 
m9972 

9970 
- 9 9 6 9  

9968 
9967 
9966 
9965 

e 9964 
m9963 

9963 
9962 

DTE/OTl 

1.0000 
.9999 
,9989 

9967 
.9928 
- 9 8 7 2  

9796 
9 7 0 1  

.9587 

.9455 

.9306 
,9142 

8964 
,8773 

8572 
8363 
8145 
7922 

~ 7 6 9 5  

7233 
7000 

,7465 

.6768 

.6537 
e6308 
0 6 0  83 
,5861 

5643 
5429 

e 5 2 2 1  
,5018 
.4820 

4628 
4442 
4262 
.40 88 
e 3919 . 3757 
- 3 6 0 1  

3450 
3306 



n i  

1.00 
1.05 
1.10 
1 - 1 5  
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 

1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3 . 0 0  

1.65 

TABLE X I .  REAL-GAS NORYAL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  = 300 K 

0 .  P T 1  = 8. A T M  0 T l  = 9.116 KGUIM3 CONCLUOEO. 

TTZ / T  T i  OTE/OTl n2 P Z / P l  T Z / T l  0 2 / 0 1  PTZ/PTl ------------------ R E L A T I V E  T O  IDEAL D I A T O N I C  GAS VALUE--------------------------) 

1.0000 
.9999 
.9999 
,9998 
.9 997 
.9997 
.9997 
.9997 
.9998 
.9998 
.9999 
.9999 
.9999 
.9998 
,9999 
.9 999 
.9999 
.9999 

1 . 0 0 0 0  
1 .0000 
1.0000 
.9999 

1 .O 000  
1.0000 
1.0000 
1.0000 
1.0000 
1 . 0 0 0 1  
1 . 0 0 0 1  
1.0001 
1 .0001  
1 . 0 0 0 1  
1.0001 
1.0001 
1 . O O O i  
1.0000 
1 .0000 
1 .0000  
1.0000 
1 .0000 
1.0001 

1 . 0 0 0 0  
1 . 0 0 0 0  
1.0000 
1 .0000 

.9999 

.9999 

.9998 

.9997 
9996 
9995 

.9995 
,9994 
,9995 
,9993 
.9993 
.9993 
.9992 
.9992 
.9992 
,9991 
,9991 
.9991 
,9991 
,9991 
,9991 
,9991 
.9991 
.9991 
.9991 
.9991 
.9991 
.9991 
.9991 
.9991 
.9991 
.9991 
.9991 
.9991 
.9991 
.9991 
.9992 

1.0000 
1.0002 
1.0003 
1.001)4 
1.0005 

1.0006 
1 . 0 0 0 7  
1.0007 

1 . 0 0 0 7  
1 . 0 0 0 6  
1,0006 
1 . 0 0 0 5  

1.0004 
1 .0003  
1 .0002 
l . O r 1 0 1  
I. 0 0 0 0  

.9999 

.9999 

.9398 

.9397 
9996 

,9795 
.9994 
.9993 
- 9 9 9 2  
. 9 9 9 1  
.9990 
. ¶ ¶ a 9  
.9309 
. 9 7 8 8  
.9987 
.99!J6 
.9986 
.9985 
.9985 
.9984 
.9984 

1 . 0 0 0 6  

1.0007 

1.0905 

1.0000 
-9996 
.9992 
.¶¶a9 
.9985 
.9982 
.997 9 
.9976 
,9974 
,9972 
. 9970  

-9968 
-9967 

,9969 

996 6 
,9965 
,9965 
.9965 
,9965 
,9965 
e9965 
,9966 
.996b 
.9967 
,9967 
,9968 
996 9 

e9969 
997 0 

e9971 
.9972 
.9973 
.9973 
,9974 
.997 5 
,9976 
e9976 
.9977 
.9976 
,9979 
.998 0 

1.0000 
1.0000 
1.0000 
1.0001 
1 .0001  
1.0001 
1.0002 
1.0002 
1.0004 
1.0005 
1.0006 
1.0007 
1 .9009  
1 .0010  
1.0011 
1.0013 
1.0015 
1.0016 
1.0018 
1.0019 
1.0071 

1.0024 

1.0027 

1.0029 
1.0030 
1.0031 
1.0032 
1.0033 
1.0034 
1.0035 
1.0035 
1.0036 
1.0036 
1.0037 
1.0037 
1.0037 
1.0037 
1.0038 

i.nozz 

1.0025 

i .oozn 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
.9999 
.9999 
,9998 
,9998 
.9997 

9996 
.9995 
.9994 
,9993 
,9992 
.9991 
,9989 
,9988 
.9987 

9986 
.9984 
.9983 

9982 
.9980 
.9979 
.9978 
e 9976 
,9975 
.9974 
.997? 
.9972 
a9970 

9969 
-9968 
e9967 
e9966 

9965 
9964 
9963 

9962 
.9963 

1.0000 1.0000 

1.0000 1.0000 
1.0000 

1.0002 
1.0003 
1.0004 
1.0005 
1.0007 
1.0009 
1 . 0 0 1 1  
1.0013 
1.0015 
1.0018 
1.0020 
1.0023 
1 .0025  
1.0028 1.0031 

1.0033 
1.00 36 
1.0041 1.0038 

1.0043 

1.0048 
1.0050 
1.0052 
1.0054 
1.0055 
1.0057 
1.00 59 
1.0060 

1-00  45 

1.0061 
1.0063 
1.0064 
1.0065 
1.0066 
1.0067 
1.0068 



TABLE X I .  REAL-GAS NORKAL-SHOCK SOLUTIONS FOR NITROGEN AT T T l  = 300 K 

M i  

1 . 0 0  
1.05 
1 . 1 0  
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1 e45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1 . 8 0  
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2 -40  
2.45  
2.50 
2.55 
2.60 
2.65 
2.70 
2 e75 
2.80 
2.85 
2 -90  
2.95 
3.00 

n2  

1.0000 
-9530 
,9116 
.a74 8 
-8419  

81  2 4  
.7858 
-7616  
,7395  
-7194  
.7010 
-6840 
.6684 
-6539  
.640 5 
-6281  
e6164 
e6057  
e5956 
.5862 
.5774 
.5691 
a5612 
.5539 
e5471 
e5406 
.5344 
m5286 
.5232 
e5180 
e5130 
.5084 
.5039 
.4997 
.4957 
e4918 
-4882  
.4847 
e4814 
.4783 
a4753 

P2 
ATH 

5.2596 
5.5605 
5.8173 

6.2274 
6.3809 

6.0396 

6.5017 
6.5913 
6.6510 
6.6827 
6.6883 

6.6296 

6.4915 
6.3978 

6.1712 
6.0417 
5.9038 
5.7589 

5.4540 
5.2963 
5.1367 
4.9760 
4.8152 
4.6550 
4.4961 
4.3389 
4.1841 
4.0320 

6.6699 

6.5694 

6.2906 

5 .6085 

3.0829 
3.7372 
3.5951 
3.4567 
3.3773 
3.1918 
3.0655 
2.9433 
2 8251 

1 2  
K 

?49.51 
253.41 
256.78 
259.73 
262 e32 
264.59 
266.60 

269.98 
271 e41 
272.70 
273.85 
2'4 30 
275.84 

268.39 

276.70 
277.49 
278.20 
278.86 

280 - 0 0  
280.50 
280.97 
281.40 
281.80 
282.16 
282.50 
282.82 
283.11 
283.38 

279.45 

283.64 
283.88 
284.10 
284.31 
284.51 
284.69 
28q.87 
285.03 
295.19 
285.33 
285.47 
785.60 

E. PTl  

0 2  
K G M / M 3  

7 . 2 r l  
7.572 
7.765 
7.969 
8 .135  
8.263 
8.355 
8.412 
8.437 
8.477 
8.398 
8.339 
8 .256  
8 .153  
8 . 0 3 0  
7 .891  
7.738 
7.573 
7.398 
7.214 
7 .024  
6.828 

6 .428  
6 .226  
6.074 

5 .622  
5.425 
5.230 
5.039 
4.851 
4.668 
4.490 
4.316 
4 .147  
3.987 

3 .671  
3.523 
3.380 

6.679 

5 .822  

3 .025  

= 1 0 .  ATM 

PTZ 
ATM 

10.0005 
9. q991  
9.9099 
9.9676 
9.9289 
9.8721 
9 .7961 
9.7006 
9.5862 
9.4539 
9.3n47 
9.1401 
8.9617 

8.5697 
8 .3595 
8 .1418 
7.9164 
7.6901) 
7 .4601 
7.2278 
6.9948 
6.7621 
6 .5311 
€ .3023 
6.0765 
5.8542 

5.4226 
5.2141 

4.8132 
4.6212 
4.4351 
4.2549 
4.0807 
3.9175 
3.7503 
5.5940 
3.4437 
3.7991 

8.7710 

5.6761 

5.0109 

D l 1  = 11.398 KGM/N3 

TT2 
K 

3ou.00 
300.00 
3 0 0 . 0 0  
299.99 
799.98 
299.91 
299.96 
299.94 
299.91 
299.89 
299.85 
299.82 
299.78 
799.74 
299. TO 
299.65 
299.61 
299.56 
299.51 
299.46 
299.42 
299.37 
299.32 
799 . t7  
299.22 
299.17 
299.12 
299.08 
299.03 
298.98 
298 94  
?38.90 

298.82 
298.78 
298.74 
298.70 

'298.e6 

298.67 
298.64 
298.60 
298.57 

PE/Pl 

1.0000 
1.1196 
1.2450 
1 .3762 

1.6559 
1..8044 
2.9587 
2.1189 
2.2849 
2.4566 

1 .5132 

2.6343 
2.8177 
3.0069 
3.2020 
3.4029 
3.6097 
3 .8223 
4.0407 
4.2649 
4.4950 
4.7309 
k.9727 
5.2207 
5.4736 
5 .7329 
5.9979 
6.2689 
6.5456 
6.8282 
7.1167 
7.4109 
7.7111 

8.3288 
8 6465 

8 . 0 1 7 0  

8.9699 
3.2993 
91 6344 
9.9755 

10 .3224 

T2/Tl  

1.0000 
1.0330 
1.0653 
1.0972 
1.1287 
1.1602 
1.1918 
1.2236 
1 2557 
1 .2883 
1.3213 
1.3548 
1.3889 
1.4237 
1.4591 
1.4952 
I. 5321 
1.5697 
1.6081 
1.6473 
1 6873  
1.7281 
1.7698 
1.8124 
1.8558 
1.9000 
1 9452 
1.9912 
2.0382 
2.0860 
2.1348 
2.1844 
2.2350 
2.2866 
2.3390 
2.3924 
2.4467 
2.5020 
2.5582 
2.6153 
2.6734 

D Z / D l .  

1 . o o o o  
1.0834 
1.1679 
1.2533 
1 3392 

1.5117 
1 5980 

1.4253 

1.6841 
1.7699 
1.8551 
1 9397 
2.0235 
2.1064 
2.1883 
2.2692 
2.3489 
2 e4274 
2.5046 
2.5806 
2.6551 
2 -7283 
2.8000 
2.8703 
2 9392 
3.0065 
3.0725 
3.1369 
3.1999 
3.2615 
3 e3216 
3.3803 
3.4375 
3.4934 
3.5479 
3.6010 
3.6528 
3.7033 
3 7525 
3.8006 
3.8474 

P l P / P l l  

1 .0001 
.9999 

9990 
-9968 

9929  
98 72 

e9796 
,9701 

95 86  
.9454 
.9305 

9140 
8962 
8771  

.85 70 
8360 

.8142 
a7918 
- 7 6 9 1  
-7460 
.7228 
.69¶5 

6762 
.6531 
-6302  

6076 
.5854 

5636 
5423  
5214 

.5011 
e4813 

4621 
a 4435 

4255 
e4081  

3912 
~ 3 7 5 0  
.3594 
.3444 
a3299 

l T 2 /  I T 1  

1.0000 
1 . 0 0 0 0  1.0000 

1.0000 
.9999 
.9999 
..9999 
.9998 
.9997 

9996 
.9995 
,9994 
.9993 
9991 

.9990 

.9988 
,9987 
.9985 
,9984 

9982 
99 81  

.9979 

.9977 
9976 

.9974 

.9972 
a 9971 
.9969 
-9968 
9966 
9965 
9963 
99 62 
9961 

a 9959 . 9958 
.9957 
a9956 . 9955 . 9953 
-9952 

D12/OTl 

1 . 0 0 0 0  
.9999 . 9989 

9967 
9928 . 9873 
9797 
9702 

.,9588 

.9457 
,9308 

9144 
8967 

.a777 

.a577 
8367 
8150 
7928 

- 7 4 7 1  
7239 

.7007 

.6774 
6544 
6315 

-6090 
a5868 
-5650 

5436 
5228 

a 5025 
4827 

a 4635 
4449 

a 4269 
e4094 

3926 
3763 
3607 

m 3456 
3311 

-7701  



ni 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1 e45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 

1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2 e40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

1.80 

1 . 0 0 0 0  
.9999 
.9 998 
.9997 

9996 
.9997 
.9997 
.9998 
,9998 
, 9 9 9 8 ,  
,9998 
.9998 
.9999 
.9999 
,9999 

1 . 0 0 0 0  
,9999 
.9999 

1 .0000  
1 . 0 0 0 0  
1.0000 
1 . 0 0 0 0  

.9 999 
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1.0000 
1.0001 
1 .0001  
1 .o 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
i . o o a i  
i. o a o i  
1 . 0 0 0 1  
1 . 0 0 0 0  
1 .0000  
1 . 0 0 0 0  
1.0000 
1.0001 
1.0001 

1.0000 
1 . 0 0 0 0  
1 . 0 0 0 0  

,9999 
.9999 
.9993 

9996 
,9995 
,9995 
.9994 
.9993 
-9992 

9992 
.9991 

,9990 
.9990 

-9991 

-9990 
9989 
.9989 
,9989 
.9989 

9989 
-9988 
e9988 
.9988 
.9988 

9988 
.9988 
-9988 
,9988 

9988 
e9988 
.9989 
,9989 
.9989 
.9989 

9989 
.9989 
.9989 

9989 

1 . 0 0 0 0  

1.01304 
1.0005 
1 . 0 0 5 7  
1 . 0 0 0 7  
1 . O O R O  
1 . 0 0 0 8  
1 . 0 0 0 8  
1 . 0 0 0 8  
1.0008 
1 . 0 0 0 8  
1 . 0 0 0 7  
1 . 0 0 0 6  

i . n o o z  

1.0005 
i . 0 0 0 4  
1 . 0 0 0 4  
1 . 0 0 0 2  
1 . 0 0 0 1  

.9999 

.9998 

.9997 

.9995 

.9994 
,9993  

9992 
9990 

.9989 

.9988 

.9987 
9986 

.9985 
,9984  
.9984 
.9983 
.9982 

9981 
.9981 
-9980 
.9979 

i.anoa 

1 . 0 0 0 0  
.9995 
,9990 
,9906 
,9982 
,9977 
,9973 
-997 0 
,9967 
.9965 
e9963 
,9961 
.995 9 
.9958 
,9957 
.9957 
.9946 
e9956 
a9956 
.9956 
.995 7 
,995 7 
.995 3 
,9958 
.995 9 
-9960 
e9961 
-9962 
e9963 
,9964 
-9965 
-996  6 
.9967 
a9968 
e9969 
,9970 
,9971 
e9972 
.9973 
,9974 
.9975 

1 . 0 0 0 1  
1 . 0 0 0 1  

1 . 0 0 0 1  
1 . 0 0 0 1  
1.0002 
1.0002 
1 .0003  
1 . 0 0 0 4  
1 . 0 0 0 6  
1 .0007  
1.0009 
1 .0011  
1 .0013  
1.0015 
1.0017 
1 .0018  
1.0020 
1.0022 
1.0024 
1.0026 
1.0028 
1.0030 

1 .0001  

1.0032 
1.0033 
1.0035 
1.0036 
1.0038 
1.0039 

1.0042 
1.0042 
1.0043 
1.0044 
1 . 0 0 4 5  
1 .0045  
1 .0046  1.0046 

1.0046 
l e 0 0 4 7  
1.0048 

1.0040 

1 . 0 0 0 0  
1 . 0 0 0 0  
1 , 0 0 0 0  
1 . 0 0 0 0  

,9999 
.9999 
.9999 
.9998 
.9997 

9996 
,9995 
.9994 
,9993 
e9991 
e9990 
m9988 
,9987 

9985 
.9984 

9982 
9981 

.9929 

.9977 
9976 
.9974 
,9972 
m9971 

9969 
9968 
9966 
9965 
9963 
9962 
9961 
.9959 
.9958 
.9957 
,9956 
,9955 
.9953 

9952 

1 . 0 0 0 0  
1.0000 
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 2  

1 .0005  
1.0007 
1 .0009  
1 .0011  
1.0014 
1.0017 
I. 0 0 1 9  
1.0023 

1.0029 
1.0032 
1.0035 
1.0039 
1.00 42 
1.0045 I. 00 48 

1 . 0 0 5 1  
1.00 54 
1.0057 
1.0060 
1.0062 
1.0065 

1.0069 
1.0072 
1.0074 
1.0075 
1.0077 
1.0079 
1.0080 
1.0081 
1.0082 
1.00 84 
1.0085 

i. 0004 

1.0026 

1.0067 



TABLE XI. REAL-GAS NORMAL-SHOCK SOLUTIONS FOR NITROGEN PT T T I  = 300 K 

I 1  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1 - 4 0  
1.45 
1.50 
1.55 
1.60 
1.65 

' 1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2 - 6 5  
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

12 

1.0000 
- 9 5 2 9  
- 9 1 1 4  
- 8 7 4 6  
-8419 
.a124 
.7857 
a7616 
e7396 
e7194 
- 7 0 1 0  
-6840 
e6683 

640 5 
-6281  
.6164 
- 6 0 5 7  

,6539 

- 5 9 5 6  
- 5 8 6 2  
.5773 
- 5 6 9 1  
- 5 6 1 3  
.5540 
- 5 4 7 1  
- 5 4 0 5  
.5344 
- 5 2 8 6  
e5232 
e 5 1 8 0  
- 5 1 3 1  
.5084 
- 5 0 3 9  
.4997 
.4957 
- 4 9 1 8  
.4882 
,4848 
m48l.5 
.4783 
.4753 

P2 
A T I  

10.5103 
11 091s 
11.6047 
12.0483 
1 2  e4246 
12.7322 
12.9753 
13.1561 
13.2779 
13.3445 
1 3  ~ 3 5 8 9  
13.3256 
13.2489 
13.1323 
12.9802 
1 2  e 7966 
12.5856 
12.3503 
12.0946 
11.8217 
11 5349 
11.2366 
10.9295 
10.6161 
10.2986 

9.9787 
9.6583 
9.3387 
9.0214 
8.7076 
8.3981 
8.0939 
7.7957 
7 5041  
7.2194 
6.9423 
6.6728 
6.4113 
6.1579 
5.9126 
5.6756 

1 2  
K 

249.04 
252.96 
256.35 
259.31 
2 6 1  .89 
264.16 
266.18 
267.96 
269.55 
770.98 
272.25 
273.39 
274 e 4 2  
275.35 
276.18 

277.63 
278.25 
2 7 8 r 8 1  
279.33 
279.80 
280.23 
780 .62 

276.94 

280.98 

za i  ,199 
281.31 
2 8 1  a62 

282.15 
282.39 
282 6 1  
282.01 
283.00 
283 e l 8  
283.34 
283 e49 
283.64 

283.89 
284.01 
784.12 
264.22 

283.77 

F. C T l  = 2 0 .  ATM 

0 2  
KGM/H3 

14.528 
15.089 
15.574 

16.313 
16.569 

16.870 

16.914 

16.734 

16.368 
16.126 
15.852 

15.981 

16.754 

16.922 

16.850 

16.572 

1 5 . 5 ~ 9  
15.272 
14.874 
14.510 
14.131 
13.743 
13.347 
12.946 
12.542 
12.138 
11.715 
11.335 
10.939 
10.549 
10.166 

9.790 
9.422 
9.064 
8.714 
8.375 
8.045 
7.726 
7.417 
7.118 
6.830 

P T t  
ATM 

2 0 . 0 0 0 0  
19.9971 
19.9786 
19.9344 
19.8523 
19,7499 
19.5994 
19.4105 
19.1941 
18.9217 

18.2999 
18.6261 

17.9455 
17.5671 
17.1675 
16.7C98 
16.3269 
15.8776 
15.4195 
14.9600 
14.4965 
14 .0720  
13.5682 
13.1069 
12.6497 

11.7538 
11.3175 

1 0 .  (r72R 
10.0657 

9.6695 

8.9114 
8.5499 
8 . ? 0 0 3  
7.8630 
7.5374 
7.2236 
6. 9215 
6.63G9 

12.1980 

10.8903 

9.21946 

D T l  = 22.823 KGM/U3 

TT 2 
K 

300 e 0 0  
300.00 
300.00 
299.99 
299.97 
299.95 
299.92 
299.88 
299.83. 
299.78 
299.72 
299.66 
799.58 
299.51 
299.42 
299.34 
299.25 
299.16 

298.37 

298.70 
298.68 
298.58 

298.39 
798. TU 
298.21 
298.12 
798.03 
297.94 
297.96 
297.78 
297.70 
297.62 
297.54 
297.47 
297 40 
297.33 

297.21 

299.06 

298 87 

2919.49 

297.27 

P Z / P l  

1 .0000  
1.1196 
1.2449 
1.3759 

146550 
1.8033 
1.9574 

1.5126 

2.1172 
2.2830 
2.4545 
2.6318 
2.8150 
3.0039 
'3.1986 
3.3992 
3.6056 
3.8178 
4.0359 
4.2598 
4.4895 
4.7250 
4.9664 
5.2136 
5.4667 
5.7256 
5.9903 
6.2609 
6.5373 
6.8196 
7.1077 
7.4017 
7.7015 

9.3186 

8.9592 
9.2883 
9.6232 
9.9640 

10.3106 

8.0071 

8.6360 

T 2 / T l  

1.0000 
1.0332 
1.0657 
1.0976 
1,1293 
1.1609 
1.1925. 
1.2244 

1.2891 
1.3221 
1.3556 

1.2565 

1.3096 
1.4243 

1.4956 

1.569R 
1 .6080  

1.4596 

1.5324 

1.6470 
1.6868 
1.7274 
1.7 689 
1.8111 
1.8543 
1.8983 
1.9432 
1.9889 
2.0356 
2.0831 
2.1316 
2.1810 
2.2313 
2.2825 
2.3347 
2.3878 
2.4418 
2.4967 
2.5526 

2.6673 
2.6095 

D2/Dl 

1.0000 
1.0829 
1.1667 
1.2513 
1 a3363 
1.4217 
. l e 5 0 7 3  
1.5928 
1.6781 
1.7632 
1.8477 
1.S3l.6 
2.0148 
2.0971 
2.1785 
2.2589 
2.3382 
7.4163 
2.4932 
2.5689 
2 6432 
2.7162 
2.7878 
2.8581 
2.9269 
2.9942 

3.1247 
3.1878 

3.0602 

3.2495 

3.3686 
3.3097 

3.4260 
3.4821 
3.5368 
3.5901 

3.6930 
3 6422 

3 7425 
3.7907 
3.8377 

P T Z / P T l  

1.0000 
.9999 
.9989 
e 9 9 6 7  
. 9 9 3 t  

' '. 9875 
98 00 

,9705 
9592 
9 4 6 1  

e9313 
~ 9 1 5 0  
,8973 
.8784 
o 8584 
.a375 
,8158 

7936 
77 L O  
7480 
7248 
70 16 

,6784 
6553 

,6325 
,6099 
,5877 

5659 
,5545 
.5236 

50 33 
,4835 
d4642 
e4456 

4275 
a 4 1 0 0  

3932 
3 7 6 9  
3612 
3 4 6 1  
3315 

TTZ/TT l  

1.0000 
1 .0000  
1 . 0 0 0 0  

.9999 

.9998 

.9997 
9996 

.9994 

.9993 
9 9 9 1  

.99 8 9  
- 9 9 8 6  
.9984 

9 9 8 1  
.99 78 
.9975 
- 9 9 7 2  
, 9969 
- 9 9  66 

9962 
.9959 

9956 
.9953 
e9950 

9946 
.9943 

9940 
.9937 
.9934 
,9931 

9929 
99 26 
9923 
9 9 2 1  
9928 
9916 
9913 

,9911 
9909 

1 .~0000  

.9907 

DT2/DTI 

1.0000 
,9999 . , ' 

. 9989  
' ,9967 

9932 
e 9876 
,9802 
e9708 

9596 
9467 
9320 

s 9159 
.E983 
e 8797 
.E598 

8391 
e8177 
- 7 9 5 6  
e 7 7 3 1  

7503 
7272 
7 0 4 1  
6810 
6 5 8 1  
6353 
6128 

,5906 
5688 

,5475 
- 5 2 6 6  
- 5 0  63 

4865 
4672 
.4485 

4304 
4129 
3960 

,3197 
3639 

.3488 
3342 



1 . 0 0  
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 

1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1 e90 
1.95 
2.00 
2.05 
2.10 
2 . 1 5  
7.20 
2.25 
2.30 
2.35 
2 . 4 0  
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

1.40 

TABLE X I .  REAL-GCIS NORPAL-SHnCK SOLUTIONS FOR N I T R O G E N  AT TTl = 300 K 

F .  P T l  = ' 0 .  ATM O T I  = 22.873 K G M l f l J  CONCLUDED. 

U?  P 2 / P 1  T 2 I T 1  DZ/D1 P T Z / P T l  T T Z / T T l  D T2/ DT 1 
(--------------------------- R E L A T I V E  TO I O E A L  D I A T O U I C  GAS VALUE--------------------------) 

1 . 0 0 0 0  
. 9998  
- 9 9 9 6  
,9995 
.9 996 
.9997 
,9997 
,9998 
.9 998 
.9998 
, 9998  
.9999  
.9998 
.9999 
.9979  

1 . 0 0 0 0  
,9999 

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  

.9999 
1 . 0 0 0 0  
1.0000 
1 . l ) O O l  
1 . ' 1 0 0 1  
1 . 0 0 0 0  
1.0000 
2.0001 
1.0001 
1.0001 
1 . 0 0 0 1  
1.0001 
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1.0000 
1 . 0 0 0 1  
1.0002 
1.0002 
1.0042 
1.0002 

1 . 0 0 0 0  
I. 0 0 0 0  

.9999  
,9998  
,9995 
.9993 
, 9 9 9 1  
,9989 
.9987  
.9986 
,998L  
,9983 
.9982  
- 9 9 8  1 
,9980 
.9979  
,9979  
.9978  
,9977  
I 9 9 7 7  
.9977  
- 9 9 7 6  
.9976  
,9976  
.9976  
.9976  
, 9 9 7 6  
.9976 
.9976 
,9976  
,9976  
.997€  
,9976  
.9976 

9976  
.9977  
.9977  
.9977  
.9977  
.9978  
.9978 

l . r ) O O O  
1 . 0 0 4 4  
1.0907 
1 . 0 0 1 0  
1 . 0 0 1 1  
l . r ) 0 1 3  
1.0014 
1 .0014  
1.0015 

1 . 0 0 1 4  
1 .1913  
1 . 0 0 1 2  
1 . 0 0 1 1  
1 .0009  
1. 0 0 0 7  
1.0005 
1 .0003  
1 . 0 0 0 1  

, 9 9 9 8  
9 9 7 6  

. 9 9 3 3  
- 9 9 9 1  
. 9 9 8 9  
, 9 9 8 6  
. 9 9 8 4  
0 9 9 8 1  
. 9 9 7 3  
, 9 3 7 7  
. 9 3 7 5  
0 9 9 7 2  
.9970  
, 9 9 6 9  
0 9 9 6 7  
.9965  
- 9 9 6 3  

9 9 6 7  
.9960 
. 9 7 5 9  
-995;  
. 9 9 5 6  

1.0015 

1 . 0 0 0 0  
- 9 9 9 0  
,9980 
,9970 
e 9 9 6 1  

9952  
,9944 

993 8 
,9932 
.99? 7 
- 9 9 2  3 
o 991 9 
- 9 9 1  7 

- 9 9 1  3 
- 9 9 1 2  
.9911  
,991  1 

9 9 1  1 
. 9911  
.9912 
- 9 9 1 3  

9 9 1  4 
.9916 

9 9 1  4 

,9917 
.991? ,  
- 9 9 2 1  
0 9 9 2 3  
.99?5 
,9917 
,9929  
.993 1 
.9933 
09935 
,993 8 
, 9940  
a 9947  
.9944 
- 9 7 4 6  
.994 8 
,995 0 

1 . 0 0 0 0  
1.0000 
1 . 0 0 0 0  
1 . 0 0 0 0  
1.0003 
1.0004 
1 . 0 0 0 6  
1 . 0 0 0 8  
1 . 0 0 1 1  
1 .0013  
1.0016 
1.0020 
1.0023 
1.0027 
1.0031 
1.0035 
1.0039 
1.0043 
1 . 0 0 4 7  
1.0051 
1.0055 
1.0059 

1 . 0 0 6 6  
1.0062 

1.0069 
1.0072 
1.0075 
1.0071 
1 .0081  
1.0083 
1.0086 
1 . 0 0 8 8  
1 . 0 0 8 9  
1.0091 
1.0092 
1.0093 
1.0095 
1.0096 
1.0096 
1.0097 
1.0097 

1.0000 
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  

.9999 

.9998 

.9997 
9996 

.9994 
,9993 
9991 

.9989 
9986 
.9984 
- 9 9 8 1  
.9978 
.9975 
.9972 
.9969 

9 9 € 6  
9 9 6 2  

.9959 
e9956  
.9953 

9950  
e9946 
.9943 
9940 

,9937  
.9934 

9 9 3 1  
992  9 
9 9 2 6  

.9923  
9921 

- 9 9 1 8  
e 9 9 1 6  
,9913  

9911 
e 9 9 0 9  

990 7 

1 . 0 0 0 0  1 . 0 0 0 0  

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 4  
1 .0006 
1 . 0 0 0 8  
1 . 0 0  11 
1.0015 
1.0019 
1.0024 
1.0029 
1.0035 
1.0042 
1.0048 
1.0055 
1 . 0 0 6 8  1 . 0 0 6 1  

1.0075 
1 . 0 0 8 2  
1.0088 
1.0095 
1 . 0 1 0 1  
1 .0108  
1.0114 
1.0119 
1.0125 
1.0131 1.0136 

1 .0141  
1.0145 
1.0150 

1 s 0157 
1.0161 
1.0164 
1.0167 
1.0170 
1.0173 
1.0175 
1.0177 

1.0154 



TABLE X I .  REAL-GAS NORHbL-SHOCK SOLUTIONS F3R NITROGEN PT T T l  = 300 K 

n i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 

1.50 
1 e45 

1.55 
1.60 
1.65 
1.70 
1.75 
1 .80  
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2 - 2 5  
2.30 
2.35 
2.40 
2.45 
7.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

n2 

1.0000 
a 9 5 2 8  
e9112 
,8746 
841 8 
e8124 
,7857 
- 7 6 1 5  
.7395 
.7194 
,7010 
-6840 
-6683 

-6404 
- 6 5 3 9  

.6280 
e6165 
e6057 
e5956 
.5862 
.5774 
-5691 
e5613 
- 5 5 4 0  
e5471 
- 5 4 0 6  
,5345 
e5286 
e5232 
-5180 
.5131 
,5084 
e5039 
.4997 
.4957 
-4919 
,4883 
.4848 
-4815 
.4783 
.4753 

P 2  
ATII 

15.7209 
1 6  5913 
1 7  3608 
18.0217 
18.5824 
19.0451 
19.4116 
19.6865 
19.8725 
19.9764 
20.0038 
19.9594 
19.8502 
19.6814 
19.4598 
19.1904 
1 8 e 8 7 9 4  
18.5322 
18.1543 
17.7499 
17 3240 
16.8806 
16.4240 
15.9571 
15 s 4835 

14.5274 
14,0497 
13.5750 
13.1050 

15.0061 

12.6414 
12.1854 
11.7380 
11.3003 
1 0  8730 
1 0  4566 
1 0  0516 
9.6585 
9.2774 

8.5516 
8.9084 

T 2  
K 

2 4 8 . 5 9  
252.52 
255.94 

261 .k7 

265.77 

258.89 

263 75 

267.56 
269 1 4  
270 55 
271.82 
272.95 
273.96 
274.87 
275.69 
276.42 
2 7 7 . 0 8  
277.67 
278.21 

279.13 
279.53 
279.89 
280.22 
280 51 
280  .78 
281.02 
281.25 
281.45 
2 9 1  e63 
281.80 
291 96 
282.10 
292  e23 

2 7 8 . 5 9  

2 8 2  .35 

za2.57 
282 46 

282 e66 
202  75 
282.83 
282.91 

G. P T l  = 30. ATH 

0 2  
KGti/H3 

2 1 . 8 5 7  
22.697 
23.422 

24. 5 1  9 
24.902 
25.190 
25.357 

24.026 

25.437 
2 5 . 4 2 8  
25.337 
25.169 
24.932 
24.632 
24.276 
23.870 
73,472 
22.936 
22.42O 
21.878 
21.315 
20.736 

19.545 
18.942 
18.337 
17.733 
17.133 
16.540 
15.954 

20.145 

15.378 
14.813 
14.260 
13.719 
13.193 
12.681 
12.184 
11.702 
11.235 
10 7 8 4  
10.348 

PT2 
ATN 

30.0004 
29.9959 
29.9682 
29.9031 
29.7904 
2 9 . 6 2 1 8  
29.4008 
79.1204 
20.7845 
28.3957 
27. 9565 
2 7 . 4 7 1 9  
26.9453 
2 6 . 3 8 2 5  
25.7871 
25.1652 
24.5209 
23.0585 
23.1817 
22.4959 
21.  8rl41 
21.1098 
20 4154 
19.7251 
19.0*08 
18.3545 
17.6983 
17.0434 

15.7757 
15.1643 

13.9304 

12.8856 
12.3598 

16.40 24 

14.5690 

13.4291 

11.8517 
11.3614 
10.8889 
10.4338 

9.9960 

O T I  = 34.258 KGn/?!3 

TT2 
K 

s o 0  . O O  
300.00 
299.99 
299.9@ 
299.96 
299.93 
299.88 
299.83 
299 76  
299.59 
299.60 
299.51 
299.40 
299.29 
299 17 
299.05 
298.92 
298.79 
298.65 
298.52 
298.38 

298.09 
297.95 
297.81  
297.67 
297.53 
297 e 4 0  

?97.13 
297.01 
296 88 
296.76 
296.64 
296.52 

29a.;?3 

2 9 7 . 2 6  

296.41 
296.30 
296.20 
396.10 
296.00 
295.90 

P t / P l  

1.0000 
1.1196 
1.2449 
1.3755 
1.5119 
1.6541 
1 . 8 0 2 1  
1.9560 
2.1155 
2.. 280 9 
2.4522 
2.6792 
2.8120 
3.0006 
3.1951 
3.3953 
3.6013 
3.8132 
4.0309 
4.2544 
4.4837 
4.7189 
4.9600 
5.2068 
5.4595 
5.7180 
5.9824 
6.2526 
6.5287 
6.8106 

7.3920 
7.6915 
7.9969 

8.6251 
8.9181 
9.2769 
9.6115 
9.9520 

10.2984 

7.0984 

8.3081 

T 2 / T l  

1.0000 
1.0334 
1.0660 
1.0980 
1.1298 
1.1614 
1.1932 
1.2251 
1.2572 
1.2898 
1.3227 
1.3562 
1.3902 
1.4248 
1.4600 
1.4959 
1.5324 
1.5697 
1.6078 
1.6466 
1.6861 
1.7265 
1.7677 
1.8098 
1.8526 
1.8964 
1.9410 
1.9865 
2.0329 
2.0801 
2.1283 
2.1774 
2.2274 
2.2783 

2.3829 
2.4366 
2.4913 
2.5469 
2.6034 
2.6609 

2.3301 

OZ/Dl 

1.0000 
1.0823 
1.1655 
1.2491 
1.3333 
1.4179 
1 5026 
1.5874 
1. E719 
1 e7561 
1 8399 
1 9232 
2.0057 
2 . 0 8 7 4  
2.1683 
2.2482 
2.3271 
2.4048 
2.4814 
2.5568 
2.6309 
2.7037 
2 7752 
2.8453 
2.9141 
2.9815 
3.0475 
3.1121 
3.1753 
3.2371 
3.2975 
3 3565 
3.4141 
3.4704 
3.5253 
3.5789 
3.6312 
3.6822 
3 7320 
3.7805 
3.8278 

P T Z / P T l  

1 .0000  
,9999 
.9989 

9968 
9930 

.9875 

.9800 

.9707 

.9595 
9465 
93 19 

.9157 

.a982 

.a794 
8596 

.8388 

..El74 

.7953 
7727 

.7499 
7268 

o 7037 
a6805 
e6575 

6347 
.6122 
-5899 

5 6 8 1  
5467 
5259 
50 55  
4 8 5 6  

e4663 
4 4 7 6  

e 42 95 
e4120 
e 3 9 5 1  
.3787 
- 3 6 3 0  
e 3478 
m3332 

T T 2 / T T l  

1 e 0 0 0 0  
1.0000 
1.0000 

.9999 

.9999 

.9998 
m9996 
.9994 
e 9992 

9990 
.9987 
.9984 
.9980 
e 9976 
.9972 
e 9968 

9964 
e9960 
.9955 
e 9 9 5 1  
e9946 
e 99 c t l  
e 9936 
99 32 

.9927 
9922 

.9918 
9913 
9909 

- 9 9 0 4  
e9900 
0 9 8 9 6  
.9892 

9888 
e9884 
e9880 
.9877 
e 9 8  73 
.98 70 
e 9867 
m9863 

OT2/0Tl  

1.0000 
.9999 
.9989 

9968 
9932 

e 9877 
e9804 

9712 
- 9 6 0 2  
.9475 

9 3 3 1  
e9172 

8999 
e 8814 
- 8 6 1 9  

8414 
e 8202 
.7984 

7 7 6 1  
.7534 
s7306 

7076 
e 6846 
- 6 6 1 8  
~ 6 3 9 1  

6166 
e 5945 
e 5727 
e5514 

5305 
e5102 
490 3 

-4710 
e 4522 
e 4 3 4 1  
e 4165 
3995 

0 3 8 3 1  
3672 

e 3520 
e 3373 



M i  

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1-45  
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 
3.00 

TABLE X I .  REAL-GAS NORHAL-SHOCK SOLUTIONS FOR NITROGEN AT f T l  = 300 K 

G. P f l  = 30. ATPI 011 = 34.258 KGMlM3 CONCLUOEO 

OT2/0T l  f T P / T T l  n 2  PZ/P l  1 2 / 1 1  D2/D l  PTZ/PTl 
(-----------’--------------- RELATIVE T O  I D E A L  D I A T O M I C  GAS VALUE--------------------------) 

1 . 0 0 0 0  
,9997 
.9994 
.9995 
m9996 

9997 
.9997 
.9997 
.9998 
.9998 
.9998 
.9999 
9998 
.9 999 
.9998 
09999 
,9999 

1 . 0 0 0 8  
.9999 

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 .0000  
1.0000 
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 0  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 . 0 0 0 1  
1 .0001  
1 . O O O l  
1.0001 
1.0002 
1.0002 

1.0002 
1.0002 
1.0002 
1.0003 

i.ooa2 

1 . 0 0 0 0  
1 .0000  
.9999 
.9994 
.9990 
,9987 
.9984 
- 9 9 8 2  
.9979 
.9977 
.9975 
.9973 
.9972 
,9970 

9969 
9968 
9967 
9966 

-9965 
.9965 
- 9 9 6 4  

9963 
9963 
9963 
9963 
9963 

,9962 
.9967 
.9963 

- 9 9 6 3  
9963 

9963 
9963 

- 9 9 6 3  
- 9 9 6 4  

9965 
.9965 

9965 
9966 

9964 

9966 

1.0000 
1.0005 
1.0010 
1.0013 
1.0016 
I. 0018 
1.0019 
1.0020 
1.0020 

1.0019 
1.0018 
1.0916 
1.0014 
1.0012 

1 .0006  
1 .0002  

.9999 
9996 
9992 

. 9 3 8 8  

. 9 9 8 5  
9981 

,9977 
.9374 
~ 9 9 7 0  

9967 
9963 

a9960 
,9957 
.9954 
e9951 
.9948 

9946 
,9943 
-9941 
.9938 
e9936 
.9934 
.9937 

1.01120 

i. noos 

1.0000 
09984 
e9969 
.9953 
.9938 
,9925 
991 4 

.9904 
,9895 

.9881 

.9R76 

.9872 

.9866 
-9965 

.988 n 

,9869 

,9964 
,9863 
.9864 
,9965 
,9866 
.9868 
v 9870 
.99?2 
,9874 

.98.00 

.9883 
,9886 
,9889 
,9892 
.9896 
.9899 
.990 2 
,9905 
,990 9 
,991 ? 
991 5 
9 9 1  8 
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( a )  T h e r m a l .  
F i g u r e  1 . -  I m p e r f e c t i o n s  o f  n i t r o g e n  g a s  a t  c r y o g e n i c  t e m p e r a t u r e s  ( r e f .  5 ) .  
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T, K 

200 250 ..- 

( b )  Caloric. 
F i g u r e  1. - Concluded. 



Choose pt  and Tt 

* ~ .~ _ _  ~- 2 9 Calculate stagnation propert ies  I 
I I Pt,Ht,St, e tc .  

I _ -  1 

__ - __ 

Solve entropy equation, I 
s = S(P,T) , ' f o r  P using T 

i Calculate s t a t i c  flow propert ies ,  Check s t a t i c  condi t ions (pPIT) 
f o r  sa tura t ion .  

Yes 
(p,H,c ,c , a ) ,  by usinq 

--- _____I--_- . P & T P  N 0 
I 

-* 1 7 ~ '  Solve energy equation f o r  V, - - I  )ate so lu t ions  

A _- - *- 

( H  e( H t  from s teps  (5)  & ( 2 ) )  

Calculate Mach Number, M N  M~,-MI ~ O . O O O O ~ ,  f r o m  ( 3 )  
81 a from s teps  ( 7 )  8 ( 5 ) )  

f 

i ,- . 

Compute 
1 .  IsentroDic flow Darameters 

f o r  nitkogen ( p / p t ,  PIP t ,  
T/T , A/A,) 

2. I d e h  gas flow parameters 
f o r  the same M ' 

3. Relative values (Real/Ideal)  
(See t ab le  I )  

. - 

F i g u r e  2.- F low c h a r t  f o r  real-gas i s e n t r o p i c  flow solutions. 

218 
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F i g u r e  3.- P r e s s u r e  r a t i o s  f o r  i s e n t r o p i c  e x p a n s i o n s  o f  n i t r o g e n  t o  Mach 1 . 0 ,  
r e l a t i v e  t o  i d e a l  d i a t o m i c  gas  v a l u e .  

Pt, atm 

1 

5 
8 
10 

20 



N 
N 
0 

Nitrogen 
Ideal 

1.008 

1.006 

1.004 

1.002 

1.000 

,998 

.996 

,994 

.992 

.990 

Tt, K 

F i g u r e  4.- Pressure r a t i o s  f o r  i s e n t r o p i c  e x p a n s i o n s  o f  n i t r o g e n  t o  Mach 1.0 

a t  c o n s t a n t  u n i t  R e y n o l d s  n u m b e r s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  g a s  v a l u e .  

llm et e r 

106 

: 106 



n, 
Iu 

Nit roge n 
Idea I 

1.010 

1.008 

1.006 

1.004 

1.002 

1.000 

.998 

.996 

.994 

.992 

F i g u r e  

50 

5 .  - P r e s s u r e  

100 

r a t i o s  f o r  

200 

i s e n t r o p i c  e x p a n s i o n s  of n i t r o g e n  

250 

t o  v a r i o u s  
n u m b e r s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  gas  v a l u e s .  pt = 8 atm. 

M 

2.0 

1.5 
.5 

1.0 

Mach 
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M 
F i g u r e  6.-  P r e s s u r e  r a t i o s  f o r  i s e n t r o p i c  e x p a n s i o n s  o f  n i t r o g e n  t o  v a r i o u s  Mach 

numbers  a t  s a t u r a t e d  stream t e m p e r a t u r e s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  g a s  v a l u e s .  
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Figure  7.-  Temperature r a t i o s  f o r  i s e n t r o p i c  expansions o f  n i t r o g e n  t o  Mach 1 . 0 ,  
r e l a t i v e  t o  i d e a l  d i a tomic  va lue .  
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F i g u r e  8.-  T e m p e r a t u r e  r a t i o s  for i s e n t r o p i c  e x p a n s i o n s  of  n i t r o g e n  t o  Mach 
a t  c o n s t a n t  u n i t  R e y n o l d s  n u m b e r s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  g a s  v a l u e .  

1.0 
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F i g u r e  9.-  T e m p e r a t u r e  r a t i o s  f o r  i s e n t r o p i c  e x p a n s i o n s  of  n i t r o g e n  t o  v a r i o u s  
Mach numbers ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  g a s  v a l u e s .  h, 

pt = 8 atm. 
h, 
ul 



0 .2 .4  .6 1.0 1*2 1.4 1.6 1.8 

M 
F i g u r e  10.- T e m p e r a t u r e  r a t i o s  f o r  i s e n t r o p i c  e x p a n s i o n s  o f  n i t r o g e n  t o  v a r i o u s  

2.0 

Mach numbers  a t  s a t u r a t e d  stream t e m p e r a t u r e s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  gas  
v a l u e s .  



1.010 

1.008 

1.006 

1.004 

1.002 

1.000 PIP t' 

Nitrogen 
Ideal ,998 

.996 

.994 

Pt '  

a 10 

5 
1 

100 150 200 2% 

atm 

F i g u r e  11 . -  D e n s i t y  r a t i o s  f o r  i s e n t r o p i c  e x p a n s i o n s  o f  n i t r o g e n  t o  Mach 1.0,  r e l a t i v e  
t o  i d e a l  d i a t o m i c  g a s  v a l u e .  
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Ideal 
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llmeter 

x lo6 
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F i g u r e  12.- D e n s i t y  r a t i o s  f o r  i s e n t r o p i c  e x p a n s i o n s  o f  n i t r o g e n  t o  Mach 
c o n s t a n t  u n i t  R e y n o l d s  n u m b e r s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  g a s  v a l u e .  

1.0 a t  



1.010 

1.008 M 
2.0 

F i g u r e  13.- D e n s i t y  r a t i o s  f o r  i s e n t r o p i c  e x p a n s i o n s  o f  n i t r o g e n  t o  v a r i o u s  Mach 
n u m b e r s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  g a s  v a l u e s .  pt = 8 atm. 
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F i g u r e  14.- D e n s i t y  r a t i o s  f o r  i s e n t r o p i c  e x p a n s i o n s  o f  n i t r o g e n  t o  v a r i o u s  Mach 
numbers  a t  s a t u r a t e d  stream temperatures, r e l a t i v e  t o  i d e a l  diatomic gas v a l u e s .  



1.008 

1.006 

1.000 

.998 

,996 

.994 

F i g u r e  15.- I s e n t r o p i c  s t r e a m - t u b e  
r e l a t i v e  t o  

r a t i o  f o r  
i d e a l  d i a t o m i c  

n i t r o g e n  a t  
v a l u e .  

a number o f  2.0, 

I at m 
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250 x lo6 
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F i g u r e  16 . -  I s e n t r o p i c  s t r e a m - t u b e  a r e a  r a t i o  f o r  n i t r o g e n  a t  Mach 2.0 a n d  a t  
c o n s t a n t  u n i t  R e y n o l d s  n u m b e r s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  g a s  v a l u e .  



50 

F i g u r e  17.- 

Iu 
w 
w 

I s e n t r o p i c  

100 

s t r e a m - t u b e  

150 

f o r  

200 

n i t r o g e n  a t  

250 

v a r i o u s  
r e l a t i v e  t o  i d e a l  d i a t o m i c  g a s  v a l u e s .  pt = 8 atm. 

300 

n u m b e r s ,  
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F i g u r e  18.- I s e n t r o p i c  s t r e a m - t u b e  a rea  r a t i o  f o r  n i t r o g e n  a t  s a t u r a t e d  stream 

2.0 

atm 

t e m p e r a t u r e s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  g a s  v a l u e s .  



-1.4 

-1.2 

-1.0 

- .6 

- .4 

- . 2  

0 
0 .1 .2 . 3  .4 .5 

xlc 

.6 .7 .8 .9 1.0 

Figure 19.- Typical pressure distribution on upper surface of airfoil at high lift 
conditions. Ma, = 0.90. 
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F i g u r e  20.- Area d i s t r i b u t i o n  o f  stream t u b e  t h a t  has  same p r e s s u r e  d i s t r i b u t i o n  
as t h a t  o f  a i r f o i l  o f  f i g u r e  i d e a l  d i a tomic  a n d  i s e n t r o p i c  f l o w  assumed.  
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F i g u r e  21.-  S t r e a m - t u b e  p r e s s u r e  d i s t r i b u t i o n s  f o r  n i t r o g e n  a t  v a r i o u s  s t a g n a t i o n  
p r e s s u r e s  a n d  a t  t e m p e r a t u r e s  n e a r  s a t u r a t i o n  a t  maximum l o c a l  Mach number of  2 . 0 ,  

r e l a t i v e  t o  i d e a l  d i a t o m i c  gas  d i s t r i b u t i o n s .  
Iu 
W 
-I 
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F i g u r e  22.-  S t r e a m - t u b e  p r e s s u r e  d i s t r i b u t i o n s  f o r  n i t r o g e n  a t  v a r i o u s  s t a g n a t i o n  
t e m p e r a t u r e s  a n d  8-atm s t a g n a t i o n  p r e s s u r e ,  r e l a t i v e  t o  i d e a l  d i a tomic  g a s  
d i s t r i b u t i o n s .  
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Figure 23.- Stream-tube pressure distributions f o r  nitrogen at combinations 
of stagnation temperature and pressure that result in f l o w  at constant 
unit R e y n o l d s  number of 400 x 10 per meter at M, = 0.90. 6 

1.0 

pt9 
atm 
7.16 
7.63 

3.61 
9.62 

10; 65 

13.35 

16.13 

2L 97 

28. ii 



. 

0 

F i g u r e  24.- 

.4 .6 1.0 1.2 

M 
I s e n t r o p i c  e x p a n s i o n  c o e f f i c i e n t s  a l o n g  

a t  s t a g n a t i o n  t e m p e r a t u r e  of  130 

1.4 1.6 

i s e n t r o p e s  
K .  

t h a t  

1.8 

b e g i n  

2.0 
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I s e n t r o p i c  
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e x p a n s i o n  
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M 
c o e f f i c i e n t s  
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a l o n g  

1.4 1.6 

i s e n t r o p e s  
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t h a t  

2.0 

a t  s t a g n a t i o n  p r e s s u r e  o f  8 atm. 
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F i g u r e  26.-  A v e r a g e  i s e n t r o p i c  e x p a n s i o n  c o e f f i c i e n t s  f o r  e x p a n s i o n s  

o f  n i t r o g e n  t o  Mach 2 .0 .  
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( a )  P r e s s u r e  r a t i o .  

F i g u r e  27 . -  I s e n t r o p i c  flow p a r a m e t e r s  f o r  n i t r o g e n  a s  d e t e r m i n e d  by v a r i o u s  me thods ,  h, 
-I= 
w r e l a t i v e  t o  i d e a l  d i a t o m i c  g a s  v a l u e s .  
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( b )  T e m p e r a t u r e  r a t i o .  
F i g u r e  27 . -  C o n t i n u e d .  



- 

1.02 

1. 00 

98 
0 .2 .4  .6 .8 1.0 

M 
( c )  Density ratio. 

Figure 27.- Continued. 
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( d )  Stream-tube area ratio. 

Figure 27.- Concluded. 



01 I Choose P t Y l y  Tt,l , and H1 

Ca lcu la te  upstream prop.: p1,p1yT1yHlyC1yC2yC3 

J. 
- - -  ~ 01 -Assume p2 and T2 and des ignate as p2,a PX T2,a 1 - - 

! I I I 

r i .  1 
1 p2,b c a l c u l a t e d  f rom f(P2,by T2,b) - 

A 

7:: 
@[ 

Slope p2,a/p2,b c a l c u l a t e d  by va ry ing  p 2 ,a 

A 

Check 

T2,a - T2,b 

H2,a - H2,b 

D2,a - P2,b 

:onvergence t- Set: p 2,a = 

Repeat steps 3 t o  1 2  
'2,b; T2ya= T2,b 

I 1 

S o l u t i o n  -7 complete 

F i g u r e  28.- I t e r a t i v e  p r o c e d u r e  u s e d  t o  o b t a i n  r e a l - g a s  
n o r m a l - s h o c k  s o l u t i o n s .  

247 
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Tt, 1’ 
F i g u r e  29.-  S t a t i c - p r e s s u r e  r a t i o  a c r o s s  n o r m a l  s h o c k s  i n  n i t r o g e n  gas 

a t  v a r i o u s  s t a g n a t i o n  t e m p e r a t u r e s  a n d  p r e s s u r e s ,  r e l a t i v e  t o  i d e a l  
d i a tomic  g a s  v a l u e .  M, = 1.7. 
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F i g u r e  30.-  S t a t i c - p r e s s u r e  r a t i o  a c r o s s  no rma l  s h o c k s  i n  n i t r o g e n  g a s  a t  v a r i o u s  

N 

\o gas v a l u e s .  pt  8 atm. 
s t a g n a t i o n  t e m p e r a t u r e s  a n d  u p s t r e a m  Mach numbers ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  

-e 
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F i g u r e  31.- T o t a l - p r e s s u r e  r a t i o  a c r o s s  n o r m a l  s h o c k s  i n  n i t r o g e n  g a s  a t  v a r i o u s  
s t a g n a t i o n  t e m p e r a t u r e s  a n d  p r e s s u r e s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  g a s  v a l u e .  

M I  = 1.7.  
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F i g u r e  32. 

50 100 

T o t a l - p r e s s u r e  r a t i o  

150 

a c r o s s  n o r m a l  

200 

Tt, 1’ 
s h o c k s  i n  n i t r o g e n  

250 

s t a g n a t i o n  t e m p e r a t u r e s  a n d  u p s t r e a m  Mach n u m b e r s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  
g a s  v a l u e s .  p t  = 8 atm. 

a t  v a r i o u s  
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F i g u r e  33.- S t a t i c - t e m p e r a t u r e  r a t i o  a c r o s s  n o r m a l  s h o c k s  i n  n i t r o g e n  gas  a t  v a r i o u s  
s t a g n a t i o n  t e m p e r a t u r e s  a n d  p r e s s u r e s ,  r e l a t i v e  t o  i d e a l  d i a tomic  g a s  v a l u e .  
M I  = 1.7. 
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Tt, 1' 
F i g u r e  34.- S t a t i c - t e m p e r a t u r e  r a t i o  a c r o s s  n o r m a l  s h o c k s  i n  n i t r o g e n  g a s  a t  v a r i o u s  

s t a g n a t i o n  t e m p e r a t u r e s  a n d  upstream Mach n u m b e r s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  gas  
v a l u e s .  p t  = 8 atm. 
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F i g u r e  35.- T o t a l - t e m p e r a t u r e  r a t i o  a c r o s s  n o r m a l  s h o c k s  i n  n i t r o g e n  g a s  a t  v a r i o u s  
s t a g n a t i o n  t e m p e r a t u r e s  a n d  p r e s s u r e s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  g a s  v a l u e .  
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F i g u r e  36.- T o t a l - t e m p e r a t u r e  r a t i o  a c r o s s  n o r m a l  s h o c k s  i n  n i t r o g e n  g a s  a t  v a r i o u s  
s t a g n a t i o n  t e m p e r a t u r e s  a n d  u p s t r e a m  Mach n u m b e r s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  N 

u7 gas v a l u e s .  pt  = 8 atm. Ln 
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Tt’ 1’ 
F i g u r e  37.- S t a t i c - d e n s i t y  r a t i o  a c r o s s  n o r m a l  s h o c k s  i n  n i t r o g e n  g a s  a t  v a r i o u s  

s t a g n a t i o n  t e m p e r a t u r e s  a n d  p r e s s u r e s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  gas  v a l u e .  
M 1  = 1.7. 
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F i g u r e  38.- S t a t i c - d e n s i t y  r a t i o  a c r o s s  no rma l  s h o c k s  i n '  n i t r o g e n  gas  a t  v a r i o u s  
s t a g n a t i o n  t e m p e r a t u r e s  a n d  u p s t r e a m  Mach numbers ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  
gas v a l u e s .  p t  = 8 atm. 
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F i g u r e  39.- T o t a l - d e n s i t y  r a t i o  across  n o r m a l  s h o c k s  i n  n i t r o g e n  a t  v a r i o u s  
s t a g n a t i o n  t e m p e r a t u r e s  a n d  p r e s s u r e s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  g a s  v a l u e .  
M I  = 1.7.  
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F i g u r e  40.-  T o t a l - d e n s i t y  r a t i o  a c r o s s  n o r m a l  s h o c k s  i n  n i t r o g e n  gas a t  v a r i o u s  
s t a g n a t i o n  t e m p e r a t u r e s  a n d  u p s t r e a m  Mach n u m b e r s ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  
gas  v a l u e s .  p t  = 8 atm. 
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41.-  Mach number downst ream o f  n o r m a l  s h o c k s  i n  n i t r o g e n  gas  a s  a f u n c t i o n  

300 

of  s t a g n a t i o n  t empera tu re ,  r e l a t i v e  t o  i d e a l  d i a t o m i c  gas v a l u e .  M, = 2.0.  
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xlc 
F i g u r e  43.- V a r i a t i o n  of r e l a t i v e  s t r e a m - t u b e  p r e s s u r e  d i s t r i b u t i o n  w i t h  s t a g n a t i o n  

t e m p e r a t u r e  a t  a s t a g n a t i o n  p r e s s u r e  of 8 atm. 



xlc 
lu F i g u r e  44.-  V a r i a t i o n  o f  r e l a t i v e  s t r e a m - t u b e  p r e s s u r e  d i s t r i b u t i o n  w i t h  s t a g n a t i o n  m 

p r e s s u r e  a t  a s t a g n a t i o n  t e m p e r a t u r e  o f  150 K. 
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xlc 
F i g u r e  45.- V a r i a t i o n  o f  r e l a t i v e  s t r e a m - t u b e  t e m p e r a t u r e  d i s t r i b u t i o n  w i t h  s t a g n a t i o n  

t e m p e r a t u r e  a t  a s t a g n a t i o n  p r e s s u r e  o f  8 atm. 
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Iu F i g u r e  46.-  V a r i a t i o n  o f  r e l a t i v e  s t r e a m - t u b e  t e m p e r a t u r e  d i s t r i b u t i o n  w i t h  s t a g n a t i o n  
m 
u1 p r e s s u r e  a t  a s t a g n a t i o n  t e m p e r a t u r e  of  150 K. 
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F i g u r e  47.- V a r i a t i o n  o f  r e l a t i v e  s t r e a m - t u b e  d e n s i t y  d i s t r i b u t i o n  with s t a g n a t i o n  
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t e m p e r a t u r e  a t  a s t a g n a t i o n  p r e s s u r e  o f  a atm. 
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F i g u r e  49.- V a r i a t i o n  o f  r e l a t i v e  s t r e a m - t u b e  
xlc 

number  d i s t r i b u t i o n  w i t h  s t a g n a t i o n  
t e m p e r a t u r e  a t  a s t a g n a t i o n  p r e s s u r e  of  8 atm. 
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,,, F i g u r e  50.- R e l a t i v e  s t r e a m - t u b e  Mach number  d i s t r i b u t i o n  a t  a s t a g n a t i o n  p r e s s u r e  

o f  10 atm a n d  a s t a g n a t i o n  t e m p e r a t u r e  of  150 K .  
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